early Quaternary time. In a process that continues today, numerous small
shifts in the posit'ong of channels of ephemeral washes occurred during the
Quaternary, as shouad by the distribution of varilous types of Q(Quaternary
alluvial deposits f(livover et al., 1981).,

Deep entrenchment, low rates of erosion, and presgst topographic divides
make 1t unlikely that the largest probable climatic cl.nge, from arid to
semlarid, would cavse a significant change in the locar on or the size of the
drainage system at Yucca Mountain. Such climatic chengrs would not produce
long-term water Impoundments closer than Death Vall y, which 18 30 to
40 kilometers (20 to 25 wmiles) away.

There is n» evidence at Yucca Mountain of surface-~water impoundments
formed by landslides. Eolian sands may have clogged some drailnages at Yucca
Mountaln during early Quaternary time, but such sands are very permeable and

also easily eroded. No evidence of water impoundment by eollan sands 1is
known.

Conclusion

Surface-water systems Iin the region and at the Yucca Mountain site have
changed little during at least the last several hundred thousand years of the
Quaternary Period. The expected effects of predicted climatic changes on
geohydrologic processes are not significant; no new water impoundments
(lakes) nor significant changes in surface drainage are expected. No adverse
effects on waste isolatlon are likely to result from climatic changes in the
surface-water -systems, in the: next 100,000 years. Therefore, the evidence
indicates that this favorable condition is present at Yucca Mountain.

(2) A geologic setting in which climatic changes have had little
effect on the hydrologic. system throughout the Quaternary Period.

Evaluation

Evidence of climatilc changes during the Quaternary comes from the geo-
logic and plant-fossll records. A variety of types of deposits of Quaternary
age occur in the region, including debris flows, fluvial sand sheets, eolian
dunes, and coarsge fluvial deposits (Hoover et al., 1981; Swadley, 1983).
These units represent various environments of deposition that 1in turn
reflect, in part, fluctuating climatic conditions. Although spacific cli-
mates cannot be defined, the evidence is consistent with an arid to semiarid
climate (Hoover et al., 198l). 1In addition, climatic changes can be inferred
from the development of various landforms and rocks in the area and from the
occurrence of three regional unconformities.

Vegetative covers varied in type during the past 45,000 years, as indi-
cated by variations in the assemblages of plant macrofossils contained in
pack-rat middens. . These variations reflect changes in .climate, in the sense
that the assemblages are. indicatars of the effective moisture available at
the time the plants were growing. Examinations of pack-rat middens show
that, at different times-during the last 45,000 years, the regional vegeta-
tive cover varied from a well-developed juniper woodland to modern desert
scrub at intermediate elevations of about 1,200 to 1,800 meters (4,000 to
6,000 feet), and from a subalpine conifer woodland, to a pinyon-juniper
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woodland, and to a woodland-desaert scrub mosalc at higher elevations above
1,800 meters (6,000 teet) (Spaulding, 1983).

Evaluation for pluvizl climates

Quaternary hydrologic conditions that differed the rwst from modern con-
ditlons probably vere those that occurred during several pluvial periods of
presumably wetter coirditions. These pluvials alternated vith interpluvials,
periods during which climatic and hydrologic conditions wrre similar to those
of today. Most evidence for estimating the nature of p’uvlal climates in the
region is based on pluvialse of late Wisconsin age; in sou hern Nevada, there
is virtually no evidenze for estimating early Wisconsin .nd pre-Wisconsin
paleoclimates, except Yor the qualltative evidence of landforms, paleosols,
and unconformities. Therefore, the reconstruction of climates that existed
before late Wisconsin time in southern Nevada 138 tenuous., However, some
evidence indicates that the climate {n Nevada during each of the pluvials was
similar; therefore, an analysis of the late Wisconsin pluvial climates and
their hydrologic effects provides a sound basis for estimating the waximum
effects that occurred during the entire Quaternary. For example, on a global
scale, similar climatic conditions probably prevailed during each of the
major glacial epochs that occurred during the Quaternary {(Spaulding, 1983).
Mifflin and Wheat (1979) suggest that the pluvial lakes of Lahontan
(Wisconsin) age that occurred in central and northern Nevada were generally
as large as the lakes of pre-~Lahontan times. This suggestion 1s based
primarily on the absence of evidence of older lake shorelines at higher
elevations (although such evidence may have been destroyed by erosion). On
the other hand, the latest Wisconsin pluvial is believed to have been wetter
and warmer than the one that preceded it during the Wisconsin full-glacial
time (Spaulding et al., 1984). Because of the higher temperatures, greater
precipitation would have been required to maintain lake levels at elevations
similar to those at which lakes occurred during earlier, cooler pluvials.

Winograd et al. (1985) hypothesize that a progressive and continued
uplift of the Sierra Nevada and Transverse ranges during the Quaternary may
have led to a long~term trend of increasing aridity in Nevada. Buber (1981)
suggests that the Sierra Nevada have risean about 1,000 meters (3,300 feet)
since the Pliocene, and Hay (1976) postulates a rise of 1,800 meters (5,900
feet) in the last 4.5 million years. The rising mountain ranges would have
produced a ralnshadow effect that would have modified the distribution and

the amount of precipitation in Nevada and resulted in 1ncreasing aridity
(Winograd et al., 1985).

Most 1investigators believe that, even during pluvials, semiarid con-
ditions persisted on the valley floors of southern Nevada and that conditions
no wetter than subhumid prevailed on the highest mountains (Winograd and
Doty, 1980; Thompson and Mead, 1982; Spaulding et al., 1984; and Mifflin and
Wheat, 1979). A review of literature relevant to pluvial climates in
southern Nevada and studies of pack-rat middens in the region indicates that,
at the time of the global glacial maximum during late Wisconsin time (18,000
+ 3,000 years ago), temperatures in the region averaged 6 to 7°C (11 to 13°F)
below the modern mean annual temperature (Spaulding, 1983; Spaulding et al.,
1984). Average annual precipitation was probably 20 to 30 percent above the
modern value. Winter precipitation was 60 to 70 percent above the modern
average, while summer precipitation was 40 to Sleerccnt below. Mifflin and
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Wheat (1979) also concluded that full-pluvial climates 1in Nevada did not
differ greatly from m dern climates. From the results of climatologic and
hydrologic analyses, ‘hey estimate that the statewide full-pluvial mean
annual temperature was about 3°C (5°F) lower and the mexe annual precipi-
tation was about 68 percent higher than modern values; th:y further conclude
that the absence of »hysiographic evidence of pluvial j.kes in southern
Nevada supports the ¢uncept of aridity in that area durin¢ pluvial climates.

Although the estimated departures from modern annuil and seasonal
precipitation may appear substantial on a percentage b:.s:s, they are minor
when calculated on an absolute basis. If the percentag: Jdepartures presented
by Spaulding (1983) are applied to estimates of the aveva, 2 precipitation for
1964 through 198, at an elevation of 1,200 meters (4,000 feet) 1in the
vicinity of Yucca Mountain, the estimated precipitation for full-glacial
near-pluvial conditions is as follows:

Estimated precipitation, wm (in,)

1964~-1981 Near--pluvial
Annual 150 (5.9) 195-210 (7.7-8.3)
Cool season (Oct.=-Apr.) 108 (4.2) 173184 (6.8-7.2)
Warm season (May-Sep.) 42 (1.6) 21-25 (0.8+1)

The estimates for 1964-1981 are based on maps presented by Quiring (1983).

After the full-glacial (Wisconsin-maximum) pluvial, a trend toward
warmer and drier conditions began (Spaulding et al., 1984). The drying trend
was interrupted by a pluvial period that occurred during the latest Wisconsin
time (12,000 to 10,000 years ago) and early Holocene (10,000 to 8,000 years
ago) times. The climate during this pluvial probably differed substantially
from the preceding full-glaclal pluvial and from modern conditions. Compared
with conditions during the Wisconsin maximum, the average annual temperatures
during the latest Wisconsin pluvial were 4 to 6°C (7 to 11°F) higher, and the
average annual precipitation was probably greater. The greater rainfall
occurred during both the winter and the summer half years. Compared with
modern conditions, average annual temperatures were probably only about 2°C
(4°F) lower, and the average annual precipitation may have been as much as
100 percent greater. These conclusions are based on the diatributions of
vegetation assemblages during the late Wisconsin and early Holocene; they are
consistent with predictions of climatic change and with evidence of fluctua-
tions of lake levels in the Great Basin (Spaulding et al., 1984).

If precipitation during the latest Wisconsin pluvial had been 100 per-
cent greater than modern, the average annual precipitation at that time would
have been about 300 millimeters (11.8 inches). Such a relatively high rain-
fall would have been required to maintain the high stands of Searles Lake and
Lake Lahonton under the warm (near-modern) average temperature that probably
prevailed (Spaulding et al., 1984). This estimate of the precipitation
increase 1s the highest of any reported in the studies reviewed by Spaulding

oo "l

6-234
ﬁ¥ NN N a9 .. o n " T



(1983) or identified elsewhere. Thus, it provides a conservative estimate
that can be used to :xamine potential climatic effecta on the hydrologic
system at Yucca Mount iin.

Evaluation for hydroluglc effects

Cilimatic change+« resulting in pluvial conditions di::wug the Quaternary
probably had the fo.lowing effects on the hydrologic :stem: increased
recharge, increared altitude and gradients of the wate: table; upgradient
shifts in discharge points; and changes in surface~watr drainage systems.
Field evidence in the immediate vicinity of Yucca Mount :in 18 not yet avail-
able to determine the size of these effects.

During the pluvial climates of the Quaternary, ground-water recharge
rates were probably higher than modern rates. Claassen {1983) reports that
carbon, hydrogen, and oxygen isotope data indicate that major recharge
occurred in the area at the end of Pleistocene and through early Holocene
time. Probably the recharge came principally from snowmelt and occurred as
downward infiltration of surface runoff in major washen (Claassen, 1983},
such as Fortymile Wash. During the span of this recharge period, two
distinct climatic changes occurred, one at about the Wigconsin maximum
(18,000 + 3,000 years ago) and one in the latest Wisconsin (12,000 to
10,000 years ago) (Spaulding et al., 1984). The specific pluvial climatic
conditions in the Yucca Mountain area that resulted in these recharge

conditions are being evaluated by analyzing plant macrofossils in pack-rat
middens in the area.

An increase in ground-water recharge would have been accompanied by
increases in moisture flux through the unsaturaeted zone in some portions of
the ground-water basin. The mechanisms and controls on the rates and distri~
bution of recharge are not well known, either for modern or for pluvial con-
ditions; therefore, the magnitudes of recharge during the last half of the
late Wisconsin are not known at this time, but they may have been substan-
tially greater than those of modern recharge (Czarnecki, 1985)., Investiga-
tions to assess this condition are underway.

The increased flux may have been sufficient to affect the potential for
developing perched-water conditions in the unsaturated zone and to modify the
hydrologic system in the underlying saturated zone. However, hydrologic
tests and measurements of core samples of ungsaturated rock units underlying
Yucca Mountain indicate that the fracture and matrix permeability is
generally high enough to transmit water not only at the low modern fluxes
(less than 0.5 millimeter (0.02 inch) per year, as discussed in Section
6.3.1.1), but also at the higher fluxes postulated for pluvial times. Thus,
the increase in recharge that is postulated for pluvial climates may not have
affected significantly the potential for developing perched-water conditions.
However, it is likely that the increased flux may have affected the hydro-
logic conditions in the saturated zone (see evaluation of potentially adverse
condition 2).

An evaluation of the effects of Quatermary climatic changes on the
altitude of the water table is difficult, because tectonic and erosional as
well as climatic factors could have affected the position of the water table.

“
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Some evidence of f(uaternary hydrologic conditions is found in ihe region
around Yucca Mouniain., Even though the evidence is generally not within the
flow system underlwing Yucca Mountain, the interpretations from this evidence
can be used as ge.eral indicators of the effects of Quaternary climatic
changes on the reg.onal hydrologic systems, as daescribed in the following
paragraphs.,

Jones (1982) r:xamined cores of flne~gralned alluv!am from a borehole in
Frenchman Flat (located i1n the Ash Meadows ground-wat ¢ basin) for minera-
logic evidence of former higher water tables. In the iaterval 0 to 50 meters
(0 to 165 feet) above the present water table, the alluvium contalns an
abundance of zeolites and smectite clays with expanaa ! basal spacings and
relatively uniform «lay hydration properties. These conditions suggest
possible forme: saturation, but they may also be related to differences in
the primary environments of deposition. Jones (1982) concludes that the
relative uviiformity of clay hydration is consistent with an interpretation
that the water table has been within approximately 50 meters (165 feet) of
its present position for a long time, perhaps throughout most of the
Quaternary.

Death Valley and the Amargosa Desert are the principal discharge areas
for both the Ash Meadows ground-water basin and the Alkali Flat~Furnace Creek
Ranch ground-water basin (Winograd and Thordarson, 1975; and Waddell, 1982)
as shown in Figure 6-~17. Winograd et al. (1983) reported that calcite veins
in the Ash Meadows discharge area have been estimated to be 0.8 to 1 willion
years old by uranium-thorium dating techniques. Thus, these regions probably
were ground~water discharge areas during most of the Quaternary. Within the
Ash Meadows ground-water basin, however, discharge from the carbonate aquifer
occurred as much as 14 kilometers (9 miles) northeast (up gradient) of the
modern discharge line during the Pleistcocene, and the water table may have
been 50 meters (165 feet) higher than its present elevation (Winograd and
Doty, 1980). 1In central Frenchman Flat, 58 kilometers {36 miles) northeast
of Ash Meadows, the maximum water-table elevation in the carbonate aquifer
probably did not exceed 30 meters (100 feet) above the modern level (Winograd
and Doty, 1980). This estimate, based on theoretical studies, is consistent
with the 50-meter (165-foot) maximum increase estimated in the Devils Hole
area of the Ash Meadows ground-water basin. Preliminary modeling indicates
that during pluvials, similar upgradient discharge points and increased water
table altitudes could develop in the future in the Alkali Filat~Furnace Creek
Ranch ground-water basin in which the Yucca Mountain site is located
(Czarnecki, 1985).

Quaternary climatic changes probably produced cyclic fluctuations in
both the altitude of the water table and the positions of the ground-water
discharge points of the Ash Meadows basin, but Winograd and Doty (1980)
postulate a net direction of change in both of these hydrologic conditions
during the Pleistocene Epoch. They suggest that the highest water-table
position occurred in the early Pleistocene and that a net downgradient
migration of discharge sites and a net decline of the water table occurred
from early to late Pleistocene time. They attribute these changes to the
progressive integration of the Amargosa Valley and the Death Valley
watersheds, coupled with perlodic faulting along the modern.spring lineament
in Ash Meadows. A long—~term trend of increasing aridity, if it occurred,
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could also have contributed to these hydrologic changes. Similar changes
would be expected to hav: occurred in the Alkali Flat-Furnace Creek Ranchk
ground-water basin.

In the tuff and alluvium of the Alkali Flat-Furnace Crew=t Ranch ground-
water basin, no direct evidence has been observed for a water table that was
higher during the Quateranary than it is now. Depth to wat¢: 1n the Yucca
Mountain area is generally 500 to 750 meters (1,650 to 2,45 feet) (Robison,
1984). To estimate the effects of increased recharge on the altitude of the
water table in the basin, a two~dimensional flow model /(rarnecki and
Waddell, 1984) was modified and analyzed at various rechkarge rates.
According to Czarnecki (1%85), preliminary modeling has been able to simulate
a maximum rise in weter-table altitude within the Alkali Flat-Furnace Creek
Ranch ground-water basin of 130 meters (430 feet) during pluvial conditiouns.
This value of 130 meters (430 feet) resulted from assuming a 100-percent
increase in precipitation over Yucca Mountain (probable maximum incregse in
next 10,000 years) which in turn was assumed to produce a raecharge rate of
7.5 millimeters per year (0,29 inches) beneath the primgry repository area.

The prediction of a ]30-meter (430-foot) rise in the water table at
Yucca Mountain in response to a 100-percent increase ip precipitation during
a return to.pluvial conditions (Czarnecki, 1985) is highly uncertain and may
be very conservative. The use of a two-dimensional model to simulate three-
dimensional flow and uncertainty in appropriate boundary conditions for

modeling are inherent sources of uncertainty in predictions of water—-table
altitudes.

The amount of increase 1in precipitation during a full plyvial is
uncertain. Spaulding (1983) indicated that in the most recent full pluvial,
precipitation was probably on the order of 50 percent greater than modern
amounts, while Spaulding et al. (1984) revised this estimate to 100 percent
above the modern precipitation values. Czarnecki (1985) assumed that a
precipitation increase of 100 percent would cause recharge to increase by a

factor of 15. To examine the accuracy of this assumption, modeled recharge
estimates were compared to field measurements of recharge in an area with
altitudes that are similar to Yucca Mountain and precipitation about 100 per-
cent greater than that at Yucca Mountain today. This comparison suggests
that the recharge estimates for Yucca Mountain may be too high by about
two-thirds due to runoff (Czarnecki, 1985). No correction for runoff was
applied to the recharge estimates for the preliminary predictions of water-
table changes at Yucca Mountain; the effect would be to decrease the
effective recharge to much less than the computed volumes used in the
~ analyses (Czarnecki, 1985). -

Another source of uncertainty in the simulation of water-table changes °
during a pluvial period 1s the method used to simulate recharge in the
"modeled area. The largest baseline fluxes were assigned at the northern

boundary of the modeled area and along Fortymile Wash. The flux multiplier
- of 15 times baseline flux was applied simultaneously to all areas. '



Sensitivity studies by Czarnecki (1985), show that the resulting change in
water~table position teneath the primary repository area was primarily caused
by the increased flux simulataed by applying the multiplicr at Fortymile Wash.
Although 1t Is true t»at washes are likely to be sources of major recharge
during wetter climati~ periods, applying the same recharg: multiplier over
the entire modeled araea Lis probably overly couservative hLecause uplands are

unlikely to experienc. increased infiltration relative & precipitation in
the same proportion a3 washes.

A final source of uncertainty oun the modeling of —ater—~table rise is
related to the system response time. The Czarnecki (19&5) model is not time
dependent; it implicit'y assumes that recharge is instan: aneous and that
water—-table response is instantaneous. The rate at which the water-table
altitude would change in response to increased precipitation 1s unknown.
This suggests that with the onset of a pluvial, it is uncertain how long it
would take for changes 1in water-table altitude to occur.

With all of the above uncertainty on the affects of ~2limatic changes on

the hydrologic system, a conservative position is warranled for this favor+
able condition,

Conclusion

Yucca Mountain is in a geologic setting in which the maximum departures
from modern climatic conditions during most of the Quaternary were probably
not substantial. However, changes in the water~table altitude and possible
modifications of flow paths to discharge areas cannot be ruled out. -There-

fore, the evidence indicates. that this favorable condition is not present at
Yucca Mountain.

6.3¢1s4.4 Potentially adverse canditions
(1) Evidence that the water table could rise sufficiently over

the next 10,000 years to saturate the underground facility in a
Breviously unsaturated host rock.

Evaluation :

Several lines of evidence indicate that the water table will not rise
enough during the next 10,000 years to saturate a repository in the Topcpah
Spring welded unit beneath Yuceca Mountain. Climatic changes and their
effects on the regional ground-water system are discussed under favorable
condition 2. The discussion that follows addresses the potential for a
water—table rise beneath Yucca Mountain.

The proposed repository is closest to the water table at 1its north-
eastern edge. Here, the repository would be at an elevation of approximately
915 meters (3,000 feet), or approximately 185 weters (605 feat) above the
present water table (altitude 730 meters (2,395 feet)). Therefore, the water
table would have to rise about 185 meters (605 feet) before any part of the
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proposed repository would be floocded. As discussed in favorable condition 2,
flow modeling (Czaraeckt and Waddell, 1984; Czarnecki, 1985) supgests that
the maximum rise i:. water~-table altitudes during pluvial conditions 1is
unlikely to exceed 130 meters (430 feet). Even if extreme pluvial conditions
developed, the additional 55 meters (180 feet) should provide adequate
assurance that the vrepository could not become saturate.., It should also be
noted that the repraitory midplane dips to the east s: that the 185-meter
(605~foot) distance is a minimum thickness for the un-..turated zone beneath
the repository. TFigure 6~4(A) in Section 6.3.1.1 shuu.s that the average
distance from the repository to the water table 1+ about 250 meters

(820 feet). In addition, Winograd et al. (1985) su,g@*st there may be a
long~-term trend toward increasing aridity in the Yucca !ountailn area.

Vitric pumice does not remain unaltered for long perionds of time in the
saturated zone (Hoover, 1968). Beneath the central portion of Yucca
Mountain, nonwelded tuffs containing abundant vitric pumice occur at
altitudes that range from 120 meters (400 feet) at boreholes USW H-5 and USW
G-4 to 250 meters (820 feet) at borehole USW H-3 above the present water
table. These altitudes are 24 to 120 meters (80 to 400 feet) below the
repository horizon (Bish et al., 1984). Therefore, the rocks in the
repository horizon were probably never below the water table, at least not
for any substantial length of time.

The hydraulic conductivity of the densely welded, saturated Topopah
Spring Member beneath Fortymile Wash 1is raelatively high, approximately
1 meter (3.3 feet) per day (Thordarson, 1983) and may partly account for the
very low hydraulic gradient in the saturated zone between Yucca Mountain and
Fortymile Wash. An increase in recharge would cause an increase in hydraulic
gradient approximately proportional to the increase in recharge; the gradient
would be partly controlled by the distance to the discharge area. In areas
where the gradient 18 now low, an increase in gradient would result in only
small 1increases 1o hydraulic heads. In the Yucca Mountaln area, the altitude
of the water table 1is about the same (within 0.5 meter (1.6 feet) as the
composite hydraulic potential of the upper few hundred meters of the
saturated zone (Robison, 1984); the hydraulic potential may therefore be
equated with the position of the water table.

An alternative approach for estimating potential changes in altitude of
the water table is based on the following reasoning. In the discharge area
near Alkali Flat and upgradient, the water table is within a few meters of
the land surface. Therefore, a small increase in the hydraulic gradient
would cause springs to develop upgradient. Approximately 13 kilometers
(9.5 miles) north of Death Valley Junction, the hydraulic gradient is greater
than it i{s immediately up and down gradient, which indicates rocks of lower
permeability in this area. Springs would develop upgradient of this area 1if
recharge increased appreciably, thereby permitting water to leave the ground-
water system. If recharge increased enough (for example, three to four times
the present rate) to cause springs to develop in these potential discharge
areas (altitude 760 meters (2493 feet)), the water~level altitude at Well
J=-12 could be expected to increase in time to between 790 and 825 meters
(2,590 and 2,700 feet). Because cf the high transmissivity in western
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Jackass Flats, the water level beneath most of the repository would also be
800 to 825 meters (2,6:5 to 2,707 feet), but the lowest part of the reposi-~
tory is estimated to be more than 900 meters (2,950 feet) above sea level.

Conclusion

There 18 no evidence that the water table was as hig. ms the proposed
repository level during the Quaternary Period, and it is ery unlikely that
climatic changes during the next 10,000 years could cause rhe water table to
rise sufficlently to saturate the underground facility Therefore, the
evidence indicates that this potentialily adverse conditicr 1is not present at
Yucca Mountain.

(2) Evidence that climatic changes over the next 10,000 years
could cause perturbations in the hydraulic gradient, the hydraulic
conductivity, the effective porosity, or the ground-water flux
through the hoct rock and surrounding geohydrologic units,
sufficient to significantly increase the transport of radionuclides
to the accessible environment.

Evaluation

Likely climatic changes over the next 10,000 years probably would be
driven by increases in the global atmospheric concentration of carbon dioxide
and by changes in the earth's orbit. In the near future Yucca Mountain might
experience summer temperatures at least 3°C (5°F) higher and summer rain-
fall as much as 100 percent higher than today's value (Spaulding et al.,
1984); these changes could be caused by increases 1in carbon dioxide
concentrations. On the other hand, changes in the earth's orbit could
eventually override the effects of carbon dioxide and lead to a glacial stage
in about 23,000 years and culminate in a glacial maximum about 60,000 years
into the future (Spaulding, 1983)., Pluvial conditions, which may coincide
with the glacial stage, but do not necessarily do so, are considered possible
within the next 10,000 years.

As explained in the evaluation of favorable condition 2, conservative
and preliminary computer modeling results by Czarnecki (1985) simulated a
maximum increase of about 130 meters (425 feet) in water-table altitudes
below the repository during a pluvial period. The minimum distance between
the repository midplane and the water table 1s presently 185 meters
(605 feet) in the northeastern corner of the primary repository area (See
Figure 6-4). Over most of the primary area, the water table is more than 250
meters (820 feet) below the repository midplane. The uncertainty in the
prediction of the 130-meter (425-foot) water—table rise is reviewed in the
second potentially adverse condition above.

Even with the onset of pluvial conditions soon after repository closure,
the response time for changes in hydrologic conditions and increases in. water
table altitude is likely to provide a lag time of many hundreds, and perhaps
thousands of years before a maximum water—table altitude could occur, no
matter what that maximum altitude would be. Furthermore, the retardation
mechanisms that would be effective in both the saturated and unsaturated zone
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under conditions of lhigher flux and predominantly fracture flow, are likely
to provide a factor of 100 (Sinnock et al., 1984) and perhaps a factor of 400
(Travis et al., 1964) increase in travel times for 1adionuclides over
ground-water travel times. This argument suggests that there 1s a very low
probability that climate changes in the next 10,000 years could be sufficient
to induce significaat increases in transport of radionuclides to the
accessible environm:nt.

Conclusion

The climatic changes that are possible during the , sxt 10,000 years at
Yucca Mountain may cause changes in the hydraulic gradieut; changes in flux
could alter the moilsture content in the unsaturated hydrogeologic units;
particle velocities 1in both the saturated and the unsacurated zones could
increase 1f flux is greater; and the water~table altitude may increase. The
extent of these changes 1s uncertain. However, these changes are not likely
to significantly increase the tramnsport of radionuclides to the accessible
enviroument. Theretore, the evidence indicates that this potentially adverse
condition 1is not present at Yucca Mountain.

6.3.1.4.5 Evaluation and conclusion for the climate changes" qualifying ¥
condition :

Evaluation

The effects of predicted climatic changes on geohydrologic processes are
not expected to be large; no new lakes or significant changes in surface
drainage are expected. Climatic conditions during most of the Quaternary
Period probably did not depart substantially from modern conditions and pro-
bably had wminor effects on the main features of the present hydrologic
system. There is no evidence that the water table was as high as the pro-
posed repository level during the Quaternary Period, and it is extremely
unlikely that the water table will rise sufficiently to saturate the reposi-
tory in the next 10,000 years. Considering the most extreme pluvial con-
ditions and the maximum increase in water—table altitude beneath the reposi-
tory, radionuclide travel times from the disturbed zome to the accessible
environment should still be a factor of at least 100, and perhaps 400 longer
than the ground~water travel times. This retardation estimate relies only on
matrix diffusion as an agent for retarding radionuclide transport. It
appears likely that the Yucca Mountain .site will comply with the U.S.
Environmental Protection Agency release limits under all possible climatic
changes over the next 10,000 years.

Conclusion
Future climatic conditions during the next 10,000 years would not be
likely to lead to radionuclide releases from a repository at Yucca Mountain

greater than those allowable under the requirements specified in the post-
closure system guideline (10 CFR 960.4%1, 1984). Therefore, on the basis of
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the above evaluation, the evidence does not support a finding that the site

ig not likely to meei thr qualifying condition for postclosure climatic
changes (level 3).

6.3.1.4.6 Plans for site¢ characterization

jomputer modeling efforts will be continued to gain a be ter understand-
ing of factors controlling water-table altitudes in the All'a’{ Flat-Furnace
Creek Ranch ground-water basin, Paleohydrologic, paleocl]rtologic, and
geologic studies will focu.r on the Yucca Mountain site to da ermine whether
conclusive evidence f»r past water-table positions can be obtiined. Further
evolution of the conceptual mndel for flow in the unsaturated zone will lead
to an improved definition of the relationghip between precipitation,
percolation rate, and recharge.

60301'5 Erosion (10 CFR 96004"2"5)

603010501 Introduction
The qualifying condition for this guideline is as follows:

The site shall allow the underground facility to be placed at a
depth such that erosional processes acting upon the surface will
not be likely to lead to radionuclide releases greater than those
allowable under the requirements specified in Section 960.4~1.

The objective of the eroslon guideline 18 to ensure that erosional
processes will not degrade the waste~isolation capabilities of a repository
site. 1In evaluating the potential effects of erosion on waste isolation, the
thickness of overburden above the host rock is most important. The site
should allow the underground facility to be placed deep enough to ensure that
the repository will not be uncovered by erosion or otherwise adversely
affected by surface processes,

The erosion guideline consists of three favorable conditions, two poten-
tially adverse conditions, one disqualifying condition, and one qualifying

condition. The evaluations reported below are summarized in Table 6-31 for
all conditions except the disqualifying condition.

6.3.1.5.2 Data relevant to the evaluation

Summary of avallable data

The surficial geology of the Yucca Mountain area has been mapped (Scott
and Bonk, 1984) from which the nature of erosional processes operating during
the Quaternary Period can be interpreted. Measurements of the depth of
stream incision in dated alluvial deposits and in tuff in the vicinity of
Yucca Mountain have been made, and the maximum rates of stream incision have
been calculated (USGS, 1984). -Average erosion rates for Yucca Mountain
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Table 6-31.

Summary of analyses for Section 6.3.1.5;

erosion (10 CFR 960.4-2-5)

Condition

Department of Energy (DOE) finding

~~
[
L

(2)

(3)

(¢))

FAVORABLE CONDITIONS

217 Jewidicoi0a8 Thal pereit the emplacement
of was.e at a depth of at least 300 meters
below the directly overlying ground surface.

A geologic setting where the nature aad rates
of the ercosional processes that have been
coperating during the Quatermary Period are
predicted to have less than one chaunce 1in
10,000 over the next 10,000 years of leading
to releases of radionuclides to the aecessi-
ble environment.

Site conditions such that waste exhumation
would not be expected to occur during the
first one milliorn years after repeository
closure.

The evidence indicates that this favorable condition
is not present at Yucca Mountain: the preferred ,
repository horizon cannot accommmodate all waste at
depths greater than 300 meters within the primary
repository area.

The evidence indicates that this favorable oo:awnwomw

is present at Yucca Mountain: minimum depth to the .
repository is about 230 meters; there is only one

chance ia 10,000 of removing 5.5 neters (18 feet) of

overburden in 10,000 years. Erosional processes are
not expected to wmmmon waste centaimment wbm :
,Hmowmwwou.

The evidence indicates that this favorable. condition
a waste repository im
Yucca Mountain would not be exhumed duting the first

is present at Yucca Mouatain:

one million years at the fastest credible erosion
rate.

POTENTIALLY ADVERSE CONDITIOQNS

A geologic setting that shows evidence of ex-
treme erosion during the Quaternary Period.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: there
is no observed evidence of extreme stream incision
rates during the past 300,000 years; little change
has been observed in Quaternary erosional processes.
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Table 6-31. Summary of analyses for Section 6.

3.1.5; erosion (10 CFR 960.4-2-5) (continued)

Condition

Department of Energy (DOE) finding

(2) A geologic setting where the nature and rates
of geomorphic processes that have been @vmnl
ating during the Quatermary Period could,

dering the first 10,000 years after closure,

S Jiely alfect the ability of the geologic
reposi.ory to isolate the waste.

{1

QUALIFYING

The site shall allow the underground facility to
be placed at a depth such that erosional processes.
actiang upon the surface will not be likely to lead
to radionuclide releases greater than those allow-
able under the requirements specified in Section
960.4-1.

The evidence indicates that nrum potentially mm<mnmm
condition is not present at Yucca Mountain: no -

credible geomorphic process has been identified that:

could be expected to adversely affect the isolation
capabilities of the vﬂovOmmm site in the next
10,600 years.

CONDITION

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): erosional rates and processes
at Yucca Mountain during the Quaternary Period are
expected to continue; about 2 million years is the
minimum credible time to exhume the repository.
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during the Quaternary Period have not been determined, because the field data
necesgsary for such calculations are not yet available. The potential host
rock in the Topopah Spring Member has been identified (Jolinstone et al.,
1984) and the thickness of overburden has been analyzed (Mensure and Ortiz,
1984). Water-table altitudes are avallable from Robison (1:484),

Assumptions and data uicertainties

In evaluating the site against this guideline, the rates of stream inci-
sion in alluvium and tuff are assumed to represent the av rzge rates of ver-
tical erosion for the tuffs at Yucca Mountain. This assuwrstion leads te over
estimates of the probability of exhumation by erosion bec:.use the average
rates of vertical erosion will always be much lower than stream-incision
rates. It is also assumed that the erosional rates and processes operating
during the Quaternary Period will continue during the postclosure isolation
period. This assumption appears valid because climatic conditions are not
likely to change significantly (Section 6.3.1.4), and local uplift or
subsidence 1s not likely to be significant (Section 6.3.1.7).

6.3.1.5.3 Favorable conditions

(1) Site conditions that permit the emplacement of waste at a
depth of at least 300 meters below the the directly overlying
ground surface. .

Evaluation

Figure 6-18 shows contours of the overburden thickness above the mid-
plane of the repository envelope (45 meters (150 feet) thick) and the
position of the cross section in Figure 6-19. Figure 6~19 shows profiles
across Yucca Mountain at the 200~ and 300~meter (656- and 984-foot) depths
below the surface along an east-west cross section (Mansure and Ortiz, 1984).
It also shows the depth of a plane representing the preferred horizon for the
repository. This horizon 1s located in & portion of the densely welded
Topopah Spring Member that countains less than 15 to 20 percent lithophysae
and lies above the basal vitrophyre. 1In the primary area, on which site
investigation has been focused, approximately 50 percent of the waste could
be emplaced below 300 meters (984 feet). To emplace all the waste below
300 meters (984 feet) would require emplacement in the vitrophyre and lower
units or the use of a higher thermal loading (i.e., placing the waste dis-
posal containers closer together) than that currently used as a design basis.
Other units deeper in Yucca Mountain have been considered as alternatives to
the Topopah Spring Member (Johnstone et al., 1984).

Preliminary surface-mapping and borehole data suggest that the use of
expansion areas adjacent to the primary area may allow the emplacement of
additional waste below 300 meters (984 feet), while remaining within the part
of the Topopah Spring Member that 1s relatively free of lithophysae (see
Section 6.3.1.3, Figure 6-14). Further study of the areas adjacent to the
primary area is necessary before their suitability can be established to the
same degree of certainty that has been established for the primary area.

There are no current plans to use the vitrophyre and the units below the
Topopah Spring Member.
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Conclusion

The data evaluated to date show that the potential host rock fn the
lower part of the Topopih Spring Member cannot accommodate all of the waste
at depths greater than 300 meters (984 feet). Therefore, the evidence
Indicates that this favorable condition is not present at Yucca Mountain.

(2) A geologic sutting where the nature and rates of :he erosional
procegses that have been operating during the Quaternv?& Period are
predicted to have less than one chance in 10,000 over the next 10,000
years of leading tc releases of radionuclides to the tccessible
environment., '

Evaluation

It 1s possible to postulate two mechanisms by which erosional processes
operating at Yucca Mountain could adversely affect the potential for radlo-
nuclide releases to the accessible enviroanment: (1) a gradual uncovering of
the repository and (2) an alteration of the ground-water aystem, r

The surface in the portion of the site that would contain the repository
congists of densely to moderately welded tuff of the Tiva Canyon Member of
the Paintbrush Tuff; the tuff dips 5 to 8° eastward, resulting in a rela-
tively planar, eastward-sloping land surface. The welded tuff along the
crest at the western edge of Yucca Mountain is resistant and essencially
undissected by drainage channels, but to the east the Tiva Canyon Member 1is
disgsected by southeasterly draining channels with equilibrium profiles that
are steeper than the dip of the tuff, Residual patches of the weakly con~
solidated Rainlier Mesa Member of the Timber Mountain Tuff occur in the Tiva
Canyon outcrop area (8cott and Bonk, 1984)., Alluvium occurs in modern washes
and fault valleys in the sarea.

The depth of stream incision has been measured by using dated strati-
graphic horizons as reference points at several places in the vicinity of the
site, and the maximum rate of incision has been estimated (USGS, 1984).
Estimates based on two measurements in alluvium and one in the Tiva Canyon
tuff show a mean rate of incision of 5 x 10 °~ meter per year. The time
spang represented by the mggsurements suggest that the average incision rate
has been lower than } x 10 ~ meter per year during the last 300,000 years,
At a rate of 1 x 10 ' meter per year, erosion in the next 10,000 years would
remove only 1 meter (3.3 feet) of overburden.

In order to affect hydrologic conditions in the vicinity of the site,
erosion would have to cause a relocation of ground-water discharge to areas
nearer to the repository site or expose rock units that would allow more
infiltration., Erosion 18 unlikely to lncrease the potential for local infil-
tration, because the rocks in the overburden are already capable of passing
fluxes well in excess of current and future percolation expected under the
possible climatic changes during the next 10,000 years (favorable condition
2, Section 6.3.1.1)., Therefore, at some locations all of the overburden that
overlies the water table downgradient from the repository would have to be
removed before the isolation potentlal of Yucca Mountain could be affected by

By
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erosion, Within 5 kilometers (3 miles) downgradient of the repository, this
would require the remcval of about 280 meters (920 feet) of overburden
(Robison, 1984). At a rate of 1| x 10 ~ meter per year, the time for erosion
to this depth would be 2,8 million years.

From another parsj;ective, the removal of 280 meters (320 feet) of over-
burden to the depth o: the water table in 10,000 years »uuld require an
erosion rate of about 2.8 centimeters (l.l1 inches) per ye ¢, which exceeds
any rate known to have occurred anywhere on earth over &ny 10,000~year
period. Using the measurements of stream incision (U Gi., 1984), the
probability of removal of 280 meters (920 feet) of overbusien in 10,000 years
is less than 1 chance in 1,000,000. This probability was .lerived from the
Student's t distripution, computed for a mean incision rate of 0.5 meter per
10,000 years and a standard deviation of 0.3 with 2 degrees of freedom. The
same method gives 1 chance in 10,000 over 10,000 years of srxoding to a depth
of 5.5 meters (18 feet).

Conclusion

Average stream—incision rates have been lower than 1 x 10-4 meters per
year for the last 300,000 years. If continued at this rate over the next
10,000 years, erosional processes would be expected to remove only | meter
(3.3 feet) of overburden. This amount could not adversely affect waste
contalnment and isolation. The probability of loss of isolation due to
erosion is less than 1 chance in 1,000,000 over the next 10,000 years.
Therefore, the evidence indicates that this favorable condition is present at
Yucca Mountain,

(3) Site conditions such that waste exhumation would not be
expected to occur during the first one million years after
repository closure.

Evaluation

The minimum thickness of the overburden above the underground facility
is about 230 meters (750 feet) at the eastern edge of the primary repository
area (see favorable condition 1). For about 50 percent of Yucca Mountain,
the ovggburden is greater than 300 meters (984 feet). At an erosion rate of
1 x 10 * meter per year, the time needed to uncover a repository at a minimum
depth of 230 meters (750 feet) is 2.3 million years; for a depth of more than
300 meters (984 feet), it would take at least 3.0 million years.

Conclusion

If past average erosion rates continue in the future, a repository at
Yucca Mountain would not be: uncovered in the next } million years. There-
fore, the evidence indicates that this favorable conditfon 1s present at
Yucca Mountain, : , ’ R



6.3.1.5.4 Potentlally adverse conditions

(1) A _geologic set-ing that shows evidence of extrems erosion
during the Quaternary Period. S

Evaluation

The measured may%mum stream~iqs§sion rates in the viel Ity of the site
are between 2.2 x 10 7~ and 8.2 x 10 ~ meter per year; these : aximum rates are
inferred by measuring the depths of incision in Quaterma,y, and in some
instances Tertiary surfgces 160,000 to 10 million years o.1. The mean of
these rates is 5 x 10 ~ meter per year, which 1s much lo v than the

1 x 10 meter per yaar that is used in the evaluation of tihe qualifying
condition and iv favorable conditions 2 and 3. Modern denudation rates at
the site are not considered extreme, and evidence indicates that there were
few or no periods of extreme erosion at the site during the past 300,000
years.

Conclusion

Average stream-incision rates during the past 300,000 years were not
extreme, and there was little change in the patterns of erosional processes
at the site during the Quaternary Period. Therefore, the evidence indicates
that this potentially adverse condition is not present at Yucca Mountain.

(2) A geologic setting where the nature and rates of geomorphic
processes that have been operating during the Quaternary Period
could, during the first 10,000 years after closure, adversely
affect the ability of the geologlc repository to isolate the waste.

Evaluation

Geomorphic processes result when the comblned effects of tectonic and
climatic conditions create a local terrain that provides the potential energy
for erosion. The rates of tectonism during the Quaternary are so low (Sec-
tion 6.3.1.7) and the magnitudes of expected climatic changes are small
enough (Section 6.3.1.4) that significant changes in geomorphic processes at
Yucca Mountain are highly unlikely during the next 10,000 years. Because the
estimated past and present rates of erosion have been shown to be incapable
of affecting waste isolation for at least the next few million years, any
credible change in these rates during the next 10,000 years would not
adversely affect waste isolation.

Conclusion

No credible geomorphic process has been identified that could, in the
next 10,000 years, adversely affect the isolation capabilities of the site.
Therefore, the evidence indicates that this potentially adverse condition is
not present at Yucca Mountain. e
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6.3.1.5,5 Disqualifying condition

The site shal' be disqualified if site conditions do not allow all
portions of ithe underground facility to be situated at least
200 meters be.ow the directly overlying ground sviface.

Evaluation

A repository at Yucca Mountain can be positioned o that all portions of
the underground facility can be located below 200 e ars (656 feet) and
approximately 50 percent of the facility can be loca ed at least 300 meters
(984 feet) below the directly overlying ground surface (Mansure and Ortiz,
1984). The 200~metcr (656~foot) overburden requirement is being used as a
principal design constraint for locating the underground facility. According
to stratigraphic data obtalned during preliminary inveazigations at ‘the Yucca
Mountain site, the preferred interval of the densely welded tuff of the
Topopah Spring Member (the zone with less than 20 percent lithophysae) is
thick enough at depths greater than 200 meters (656 feet) to accommodate the
underground facilivy (Figure 6~19).

Conclusion

The densely welded tuff of the Topopah Spring Member is sufficiently
thick and deep for all portions of the underground facility to be located in
the zone of low lithophysal content at least 200 meters (656 feet) below the
directly overlying ground surface. Therefore, the evidence does not support
a finding that the site is disqualified (level 1).

6+3.1.5.6 Qualifying condition
Evaluatlon

Geomorphic processes result from the combined effects of tectonic and
climatic processes. The rates of tectonism are low (Section 6.3.1.7), and
they are unlikely to induce changes in the erosional processes. As discussed
{in Section 6.3.1.4, the expected climatic changes are also unlikely to cause
changes 1n erosional processes.

Measurements of stream—incision rates in the vicinity of Yucgg Mountain
suggest that the average incision rate has been lower than ! x 10 ~ meter per
year during the last 300,000 years. The water table at some point down—
gradient within 5 kilometers (3 miles) of the site would have to be uncovered
by erosion before the 1solation potential of Yucca Mountain could be
affected, This would require the removal of about 280 meters (920 feet) of
overburden, aud, at expected erosion rates, would take about 2.8 million
years. In the next 10,000 years, eroslonal processes are expected to remove
only 1 meter (3.3 feet) of overburden from above the repository. Therefore,
as shown by the measured depth of stream incision and dated alluvial
materials, erosion could not uncover a repository at Yucca Mountain, nor
could it alter the ground-water system sufficlently to adversely affect waste
isolation.
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For waste disposai in the unsaturated zone, the potential value of thick
overburden should not be evaluated alone; equally important for an
ungaturated zone repositary may be the vertical distance from the repository
to the water table, This thickness may bear more relationsiip to the waste-
isolation capability of an unsaturated zone repository thin does the
thickness of the overburden.

Conclusion

The erosional rates and processes that have operated al Yucca Mountain
during the Quaternary Period are very likely to continue for tens of
thousands to millions of years into the future and will not .dversely affect
the waste isolation capabllities of the site. Therefore, on the basis of the
above avaluation, the evidence does not support a finding that the site is
not likely to meet the qualifying condition for postclosure erosion
(level 3).

6.3,1.5.7 Plans for eite characterization

During construction of the exploratory shaft at Yucca ‘Mountain, walls of
the shaft will be geologically mapped and photographed and the stratigraphic
characteristics of lithologic units will be recorded. Field investigations
will continue to improve the dating of Quaternary deposits and: to better
establish the local and regional geomorphic history of the Quaternary Period,

6.3.1.6 Dissolution (10 CFR 960.4~2~6)

6.3.1.6.1 Introduction
The qualifying condition for this guideline 1is as follows:
The site shall be located such that any subsurface rock dissolution

will not be likely to lead to radionuclide releases greater than
those allowable under the requirements specified in Section 960.4-1.

The objective of the dissclution technical guideline 18 to ensure that
dissolution processes will not adversely affect the waste lsolation capablli-
tles of the site, The princilpal concern is that dissolution of the host rock
will adversely affect the waste isolation capabilities of the site by creat-
ing new pathways for radionuclide migration to the surrounding geohydrologic
system, The assessment of compliance with this guideline is to be based on
evidence of dissolution in the geologic setting of the site during the
Quaternary Period. The question of dissolution is not expected to be of
concern at Yucca Mountain because the rock types present are considered to he
insoluble.
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The dissolutio:. guldeline contains one favorable condition, one poten-
tially adverse conc:tion, one disqualifying condition. and one qualifying
condition. The evaiuations reported in the following sectiona are summarized
in Table 6-32.

6¢3:.146.2 Data relevant to the evaluation

Summary of the available data

The host 1ock at Yucca Mountain has been extensively studied by drill=~
hole sampling in and around the exploration block (Heiken and Bevier, 1979;
Sykes et al., 1979; Carroll et al., 1981; Spengler et cl., 1981; Waters and
Carroll, 1981; Bish et al., 1982; Caporuscio et al., 1982; Byers and
Warren, 1983; Maldonado and Koether, 1983; Levy, 1934a,b; Scott and
Castellanos, 1984; Spengler and Chornack, 1984; Vaniman et al., 1984). The
mineralogic characteristics of the host rock are reviewed in a current
summary report (Bish et al., 1984). Kerrisk (1983) provides a discussion of
reaction-~path calculations of volcanlc-glass dissolution. The origin of-
lithophysal cavities in the tuffs has been reviewed (Byers et al., 1976;
Lipman et al., 1966). No evidence of Quaternary dissolution fronts or other
Quaternary dissolution features has been found.

Assumptions and data uncertainties

There 18 some evidence of pre-Quaternary hydrothermal systems in older
and deeper rocks below the host rock at Yucca Mountain (Bish and Semarge,
1982; Bryant and Vaniman, 1984). The assumption that these systems are no
longer active is based on: (1) the intergrowth of younger low~temperature
clays over earlier high-~temperature clays (Bish and Semarge, 1982), and (2)
the lower temperatures (60°C (l40°F)) at which these clays now exist in rocks
that were hydrothermally altered at high temperatures (180 to 230°C (350 to
450°F)) (Caporuscio et al., 1982). The assumption that solution does not
occur in the Topopah Spring Member at Yucca Mountain 1in low-temperature
aqueous systers 1s supported by the absence of any solution features in drill
hole J~13, where the host rock is below the water table (Heiken and Bevier,
1979; Byers and Warren, 1983). Uncertainties in these data are limited to
the remote possibility that hydrothermal alteration systems or
low~temperature
solution zones occur between the present distribution of drill holes and have
therefore not been observed. Such sampling uncertainties have not yet been
quantified but are expected to be very small.

6.3.1.6.3 Favorable condition

No evidence that the host rock within the site was subject to
significant dissolution during the Quaternary Period.
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Table 6-32.

Summary of analyses for Section 6.3.1.6; dissolution (10 CFR mao.blwlov

Condition

Department of Energy (poOE) finding

FAVORABLE

Ne evidence that the hogt rock within the site was
Subjscr o Si—i{ficant dissolurieq during the
WEIIL O oary Pariad.

geologic Setting-~such ag breceia Pipes, digso-
lution cavities, significant volumetric reduction
of the host rock or Surrounding Strata, or any

Structural collapse~-guch that a hydraviic inter-
connection leading to 4 loss of waste
could occur.

The site shall .» located such that any sup
face rogk dissolution Will not be likely to
to radionuclide releases Ereater tham those

allowabie under the requirements specified inp
Section 960.4-1,

CONDITION

indicates that this favorabie condition
Yucca Mountain: po dissolutiop

been found OF are expected in the
pPotential hogt rock,

not considered soluble under exp
conditions.

CONDITION

The evidence Supports the finding that the site
meets the qualifying condition and ig likely to
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Evaluation

The host rock ¢ . Yucca Mountain contains no dissolution fronts or other
dissolution features. This 18 true even to the east of the primary
repository area, whe.2 the host rock 1s mostly in the saturated zone (Heiken
and Bevier, 1979; Byzrs and Warren, 1983). None of the reports listed under
relevant data in th’'a section clte any evidence of diss:lution in the host
rock. The mineralogy of the host rock is simple (Bish -t al., 1984); more
than 98 percent congists of feldspar, quartz, cristobal:te, and tridymite;
tte remainder consists of other gilicate and oxide m a=rals. Under the
repogitory conditions expected at Yucca Mountain, none »f these minerals
dissolve in water to any meaningful degree.

Conclusion

There 1s no evidence that the hosat rock at Yucca Meuntain was subject to
any dissolution during the Quaternary Period. None of the minerals in the
host rock is considered soluble under expected repository conditions. There-
fore, the evidence indicates that this favorable conditton is present at
Yucca Mountain.

6.3.1.6.4 Potentlally adverse condition

Evidence of .dissolution within the geologic setting--such as
brecelia pipes, dissolution cavities, significant volumetric
reduction of the host rock or surrounding strata, or any structural
collapse-~such that a hydraulic interconnection leading to A loss
of waste 1solation could occur.

Lvaluation

As stated under the favorable condition, the potential host rock at
Yucca Mountain has no dissolution features. This is also true for other
rocks at the site, as described in the reports listed under relevant data in
this section. While there is some evidence of hydrothermal altevation in the
older d4nd deeper rocks below the host rocks (Bish and Semarge, 1982; Bryant
and Vaniman, 1984) the evidence indicates that these hydrothermal systems are
no longer active and did not result in significant dissolution (Bish and
Semarga, 1982; Caporuscio et al., 1982)., These deeper zones of pre-Quaternary
hydrothermal alteration are dense and nonporous because of secondary mineral
precipitatfon (Caporuscio et al., 1982). The lithophysal cavities that are
present in the host rock were formed by the entrapment of gases during the
crystallization of the hot volcanic material about 13 million years ago
(Byers et al., 1976; Lipman et al., 1966); they are not Quaternary dissolu-
tion featuxes. Some lithophysal margins exhibit cross-cutting or overprinted
textures that were developed as the lithophysae formed and do not represent
Quaternary dissolution fronts (Caporuscio et al., 1982).
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Conclusion

At the Yucca Mounte'n site, there is no evidence of significant dissolu-
tion that would provide - hydraulic interconnection between the host rock and
any immediately surrounding geohydrologic unit., Therefore, the evidence
indicates that this potnntially adverse condition 1s not pr2sent at Yucua
Mountain,

6.3.1,6.,5 Disqualifying condition

The site shall be disqualified if it is likely that, d.ring the first
10,000 years after closure, active dissolution, as prerbcted on the
basis of rne_geologic regord would result in a loss of waste
isolation,

Evaluation

The host rock of Yucca Mountain consists of the dersely welded and
devitrified portion of the unsaturated Topopah Spring Member. About 98 per-
cent of the host rock consists of alkali feldspars, quartz, cristobalite, and
tridymite., These minerals are not prone to dissolution in any significant
quantities. No evidence of Quaternary dissolution fronts or other Quaternary
dissolution features has been found, as discussed under the favorable
condition.

Conclusion

On the basis of the geologic record, no dissolution is expected during
the first 10,000 years' after repository closure, or thereafter. Therefore,
the evidence supports a finding that the site is not disqualified on the
basis of that evidence and is not likely to be disqualified (level 2).

!.: P . . . o
6.3.1.66 Evaluation’ and Londludion for the qualifying condition on the '
postcldsufe diséolution guideline

Evaluation

For all practical purposes the volcanic rocks of Yucca Mountain are not
subject to dissolution, © The guideline on dissolutfon applies to soluble
rocks (such as salt) that can dissolve at much higher rates than the tuffs of
Yucca Mountain. 1In”particular, there 1s no evidence that the host rock 4t
the slite was subject to dissolution during the Quaternary Period, nor {s
there any reason to suspect that dissolutidn within the site would provide a
hydraulic interconnection between the host rock and the immediately
surrounding geohydrologic units. The minerals that compose the rock in and
around the site are considered to be insoluble, and no significant
dissolution 18 expected to occur éven at the elevated temperatures in the
underground repcsitory. - Consequently, the formation of active dissolution
fronts is not credible fotr the conditions at Yucca Mountain,
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Conclusion

The minerals ~hat compose the rock in and around the Yucca Mountain site
are considered ing:~luble, and significant subsurface rock dissolution is not
a credible process leading to radionuclide releases gr:ater than those allow-
able under the requirements specified in 10 CFR 960.4~: {1984). Therefore, on
the basis of the »asove evaluation, the evidence suppo:ts a finding that the
site meets the quzlifying condition, and is likely tc continue to meet the
qualifying condition for postclosure dissolution (leve. 4).

6.3.1.6.7 Plans for site characterization

Extensive sampling of the proposed horizon is planned during sinking of
the exploratory shaft and in situ testing. Other in asitu tests will deter-
mine the amount of host rock dissolution/precipitation that is possible in
the high-temperature zones of the underground facility.

6.3.1.7 Tectonics (10 CFR 960,4~2-7)

6.3.1.7.1 Introduction
The qualifying condition for this guideline is as follows:
The site shall be located in a geologic setting where future
tectonlic procesges or events will not be likely to lead to

radionuclide releases greater than those allowable under the
requirements specified in Section 960.4~1.

The objective of the postclosure tectonics guildeline is to ensure that
tectonic processes do not adversely affect the waste-isolation capabilities
of a potential repository at the site. This guideline requires that the
tectonlc history of a site be carefully examined to determine whether the
likelihood for future tectonic activity is acceptably small. The tectonic
processes that might adversely affect waste 1isolation after closure are
(1) faulting and ground motion, (2) uplift or subsidence, and (3) volcanic
activity.

The prediction of future geologic and tectonic processes and correspond-
ing events is uncertain and difficuit. The tectonic history of a site, par-
ticularly during the Quaternary Period, must be thoroughly examined, and the
results of this examination must be used to forecast future tectonic activity

and the possible effects of that activity on the isolation capabilities of
the site.

The postclosure tectonics guldeline consists of one favorable condition,
six potentially adverse conditions, one disqualifying condition, and one

qualifying condition.. The evaluations reported below are summarized in
Table 6-33 for all conditions except the disqualifying condition.
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Table 6-33,

Summary of analyses for Section 6.3.1.7; pPostclosure tectonics (10 CFR omo.&lmiwv

Condition

Department of Energy (DOE) m»:nwumu.

- Py

L -y

FAVORABLE CONDITION

The rature apg rates of igneoys activity and tec-

i Sieses (suck ag upiire, mcvmmamznm.

mmcwmnumw Cx mowmwnmv. if any, operating within
the geologic Setting during the o:mnmﬂzmnw Period

N
Py
s

(3)

The evidence indicateg that thig favorable condition
the higher bound

at slightly greater than ope chance ip 10,000 over
the next 10,000 years; consequencesg of other
tectonic Processes or évents are not €Xpected to
Increase Potential for release because low ground-
water flux anpd long travel times are €Xpected to
prevent release at the accessible environment for at
least 10,000 Years mo#woswnm closure,

POTENTIALLY ADVERSE CONDITIONS

Evidence of active folding, mm:wnunm»
QHmv»HHmE. uplift, m:vmwnm:nm» or other
tectonic Processes or igneous activity within
the geologic Setting during the ocmnmwﬁmn%

setting of such magnitude ang Mnnm:mmn% that,
if they Tecurred, could affect waste contain-
®ent or isolation,

Cr mear Yuecca Mountain cannot be ruled out on the
basis of available information,
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Table 6-33.

Summary of analyses for Section 6.3.1.7;

postclosure tectonics Amovnwx 960.4-2-7) (continued)

Condition

Department of Energy (DOE) finding

(4)

(5

(6)

More~frequent occurrences of earthquakes of
Flohor ne cfruds than are representative of
tae 7_:icn in which the geologic setting is
located.

Potential for natural phenomena such as land-
slides, subsidence, or volcanic activity of
such magnitudes that they could create large-
scale surface~water impoundments that could
change the regional ground-water flow systen.

Potential for tectonic deformatiors——such as
uplife, subsidence, folding, or faulting~—
that could adversely affect the regional
ground-water flow System.

QUALIFYING

The eite shall be located in a geologic setting
where future tectonic processes or events will aot

be likely to lead to

radionuclide releases greater

than those allowable under the requirements speci-
fied in Section 960.4-1.

The evidence indicates that this potentially adverse
condition is not present ar Yucca Mountain: the
earthquake frequency and magnitude for the geologic
setting are the same ag or less than the frequency
and magnitude of the region.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: land-
slides, subsidence, and volcanic activity are not
expected; even if they occurred, they would not be
expected to cause surface-water impoundments of
change the regional ground-water flow system.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain:
scale structures control the ground-water system,
and tectonic deformations of a2 magnitude or scale to
affect the regional flow system are not expected.

CONDITION

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): Potential tectonic events are
oot likely to cause radionuclide releases greater
than allowable; low water flux and travel times
greater than 10,000 years in the unsaturated zone
are expected to prevent dissolution and transport of
radionuclides,

¢
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6.3.1.7.2 Data relevaut to the evaluation

Summary of available dta

Much of the background data for the tectonic appraisrl of the Nevada
Test Site area has been developed through many vears of +vrface and sub-
surface geologic and puophysical studies related to nucleat-weapons testing.
The present investigatlons of Yucca Mountain and its viecii -ty have built upon
this data base by addressing specific subjects, such as {aulting (Swadley
et al.,, 1984; Dudley, 1985), regional tectonics (Carr, 1¢3L), stress measure-
ments (Healy et al., 1984), and volcanism (Crowe et al., $982, 1983; Link
et al., 1982), Data are also available on the special techk:lques used in the
evaluation, such as thermoluminescence dating (Wintle and Huntley, 1982).
However, much of the published data bearing upon the tectonilc stability of
the Yucca Mountain region are in the form of progress or preliminary reports,
and much work remains to complete the data base, Data are also available on
the surficial geology of the site (Scott and Bonk, 1984; Christiansen and
Lipman, 1965; Lipman and McKay, 1965) and on ground-water flux rates and
chemical and mechanical retardation in the host rock (Wilson, 1985; Sinnock
et al., 1984; Travis et al., 1984).

Seismological data of consistent quality have heen obtained for only the
last few years (Rogers et al., 1983), but two previous reports (Rogers et
al., 1976, 1977) provide preliminary data applicable to Yucca Mountain. The
historical record of earthquakes within about 10 kilometers (6 miles) of
Yucca Mountain has been summarized (USGS, 1984; Rogers, 1986). Seismic data
and evaluations for the western United States are also available (Smith,
1978; vanWormer and Ryall, 1980; Thenhaus, 1983; Thenhaus and Wentworth,
1982) and predictions of regional recurrence intervals are taken from
Greensfelder et al. (1980) and Ryall and VanWormer (1980). Information about
the damage to be expected in underground structures is also avallable (Pratt
et al., 1978, 1979). The acquisition of geodetic data was begun in 1983, but
several years of observations will be required before sufficient data are
available for analysis.

Workshops were held to review ground motion and related issues for the
Yucca Mountain site. A report from these workshops is available (SAIC,
1986).

Assumptions and data uncertainties

The principal assumption is that the geologic history, particularly the
history of the Quatermary period (approximately the last 1.8 million years),
can be used as the basis for predicting the course of future events. Uncer-
tainties in determining the Quaternary history of the geologilc setting of the
site arise from the scarcity of precise data on Quaternary deposits and from
the difficulty in determining the current tectonic state of this setting with
regpect to cycles of activity,
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6.3.1.7.3 Favorable ~ondition

The nature and cates of igneous activity and tectunic processes
(such as uplift, subsidence, faulting, or folding), 1f any,
operating withir the geologic setting during the Quiuternary Period
would, if coatfrued into the future, have less thar one chance in
10,000 over the first 10,000 years after closure «.: leading to
releases of radionuclides to the accessible enviror-gnt.

The conditional probability that a basaltic magm .tic intrusion will
occur in the future aund will intersect a repository at {r:aca Mountain ggring
the 10,098 year lsolation period 1s bounded by the rang - of 4.7 x 10 to
3.3 x 10 (based on calculations by Crowe et al., 1982), The upper bound
probability was calculated on the basis of extremely conservative assump-
tions, and for this reason, preliminary approximations of mean probability
values were calculated from the data presented in Tables IV and V in Crowe
et al, (1982), assuming a Gaussian data distribution. ‘The mean propability

value calculated on the basis of magma production rate is 7.7 x 10 ~ with a
standard deviation of 0.11 x 10 ° (Table _!X); the mean probability value
based on Xglcanic cone counts 1s 2,0 x 10 with a standard deviation of
1.28 x 10 (Tablelﬁ); and the combined mean using all caqu}ated probability
values 1s 1.3 x 10 with a standard deviation 1.33 x 10 . Additional
investigations are needed to more accurately evaluate the probability' of

volcanic activity in the Yucca Mountain region.

Probability calculations areé not yet available for other tectonic pro-
cesses. Varilous investigations are in progress to evaluate more fully the
tectonic stability of Yucca Mountain and the surrounding area; they include
long~term seismic monitoring, geodetic measurements, and studies of Quater-
nary faulting and erosion rates. Preliminary studies suggest that the
average rate of faulting in the region of Yucca Mountain during the last
2 million years has been less than 0.0l meter (0.03 foot) per 1,000 yesdrs
(Carr, 1984). Investigations to date covering a 1,100 square~kilometer
(425 square-mile) area around the site have found 32 faults that offset or
fracture Quaternary deposits. Quaternary faults have been divided into
3 broad age groups as 'follows: 5 faults last moved between about 270,000 and
40,000 years ago; 4 faults last moved about 1 million years ago; and
23 faults last moved probably between 2 million years and 1.2 million years
ago (Swadley et al., 1984), However, work is ongoing to more accurately
determine the detailled history of Quaternary fault movement for faults at and
near the site. Without this more detailed data, there is uncertainty regard-
ing the expected rate and amount of faulting over the next 10,000 years.
Recurrence intervals for earthquakes in the region have been estimated by a
number of approaches and are reviewed in the evaluation of the disqualifying
condition, Section 6.3.1.7.5. The reported recurrence interval 1s on the
order of 25,000 years for earthquakes of magnitude M > 7.

Information about the potential effects of earthquakes on underground
structures 1is reviewed in Section 6.3.3.4.5 and indicates that damage in
mines is generally less than that at the surface. Damage 1s not likely to
occur unless the mine is very close to the earthquake epicenter. The primary
cause of earthquake-induced failure in underground excavations is apparently
movement along preexisting faults or collapse at the portal of the tunnel or
shaft.

1
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After repository closure, the effect of earthquakes and fault movement
on release of radionu: lides to the accessible environmen: 1s expected to be
minimal because very iittle water is expected to be avallsable to dissolve and
trangport radionuclides (Wilson, 1985). Using the travel-~-time estimates from
Section 6,3.1.1.5, evea 1f a waste disposal container wer. breached by fault
movement that occurred immediately after closure, no wate: containing radio-
nuclides could reach .he accessible enviroument for at le=:st 10,000 years and
as shown in Section £,3.142.3, chemical and mechanical r: .ardation processes
are expected to extend the travel times for radionuclicis by at least a
factor of 100 (Sinnock et al., 1984; Travis et al., 1964}, It 1is unlikely
that seismic activity would cause increases in the flux through the unsatu-
rated zone because flui is controlled by the percentage o. preclpitation that
infiltrates to become percolation. New fractures are wilikely and, 1if
formed, are also unlikely to significantly alter flow conditions because the
area 1s already highly fractured. In addition, care wi.l be taken during
waste emplacement to carefully consider the counsequences of emplacement in or
near recognizable fault zZones. It is therefore considered extremely unlikely
that faulting could lead :to radionuclide releases to the accessible environ~
ment over the first 10 000 years after closure.

Conclusion

During the Quaternary Period, various tectonic processes occurred within
the geologic setting of Yucca Mountain. The probability of a magmatic intru-
sion that intersects the repository is on the order of 1 chance in 10,000
over the next 10,000 years.:: Numerical probabilities are not available: for
other tectonic processes and events. Low water flux and long travel times
should ensure that if radionuclides were released as the result of tectonic
activity, they could nhot réach the accessible environment for at least 10,000
years. Nevertheless, a conservative position is appropriate because of the
absence of probability values for most tectonilc processes and events and
because the uppetr bound on volcanic event probabilities 18 larger than the
value specified by this condition. Therefore, the evidence indicates that
this favorable condition 1is ‘not present at Yucca Mountain.

6.3.1.7.4 Potentially adverse conditions

(1) Evidence of active folding, faulting, diapirism, uplift, sub-
sidence, or other tectonic processes or lgneous activity within the
geologic seﬁting durtng the Quaternary Period.

Evaluation:

There 1s evidence of gentle regional tilting to the southeast of about
4 meters per kilometer (20 feet per mile) during the last few million years
(Carr, 1984). At the time of publication of Swadley et al. (1984) there was
no unequlvocal evidence that surface fault displacement had occurred within a
1,100 square-kilometer (425 square-mile) area around the Yucca Mountain site
in the past 40,000 years. However, preliminary dates of a displaced silt
horizon obtained by thermoluminescence methods may indicate surface fault
displacement on the order of 1 to 10 centimeters in the eastern part of
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Crater Flat more vacently than about 6,000 years ago (Dudley, 1985). Thermo-
luminescence is a dating technique that has been used in archaevlogy, but has
not yet been shown tc piovide reliable dates in geologic applications (Wintle
and Huntley, 1982). Ongoing studies to improve the dating of fault displace~
ment in the area w1l determine the reliability of thess preliminary data. A
new fault map of the Yucca Mountain site has been prepired by Scott and Bonk
(1984) and is showy in Figure 6-20. Continued surfac: mapping and deter-
mination of most v:cent displacements on faults that & & located at and near
Yucca Mountain will be an important part of seismic hazard assessment during
site characterization. For a more thorough discussicn »f plans for seismic
and tectonic evaluations, see Section 6.3.3.4,5,

Detection of earthquakes in the magnitude (M) ranges M = 4 to 5, M = 5
to6, M=6 to/, and M = 7 to 8 1s complete for the most recent 40, 50, 60,
and 130 years, respectively, according to USGS (1984). The earthquake record
prior to 1978 shows that within about 10 kilometers (% miles) of Yucca
Mountain, 7 earthquakes occurred; 2 had magnitudes of M = 3.6 and M = 3.4;
magnitudes were not reported for the remaining 5 earthquakes. They were
apparently very small or had magnitudes that could not be determined due to
instrument problems. Prior to 1978, standard errors of most locations were
+ 7 kilometers (+ 4.2 miles) or more (USGS, 1¢84)., A new seismic network has
recorded 3 microearthquakes in the same area between August 1978 and the end
of 1983; the largest magnitudes (ML, Richter scale) were approximately M = 2
(Rogers, 1986).

Within the 1,100 square~kilometer (425 square~mile) area around the
Yucca Mountain site, 32 faults have been ldentified as having some evidence
of at least a small amount of movement during the Quaternary Period that
probably occurred before about 40,000 years ago., Five faults are thought to
have last moved between about 270,000 and 40,000 years ago. The remainder of
the faults are thought to have last moved between 1 and 2 million years ago
(Swadley et al., 1984).

Basaltic eruptions of Late Cenozoic age in the Yucca Mountain area are
listed in Table 6-34. Basaltic eruptions occurred perlodically in the Crater
Flat area west and south of Yucca Mountain during the Quaternary Period
(Crowe et al., 1982).

Conclusion

There 1is evidence of faulting and basaltic volcanism during the
Quaternary Period within the geologic setting of Yucca Mountain. There is
regional tilting which results in very slow uplift and subsidence. There-
fore, the evidence indicates that this potentially adverse condition is
present at Yucca Mountain.

(2) Historical earthquakes within the geologic setting of such

magnitude and intensity that, if they recurred, could affect waste
containment or isolation.
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Table 6-34. Potassium-argon ages of late Cenozoic basalts in Yucca
Mc¢untain area

Age Mean Age
(million years) (million years)
Lathrop Wells 0.29 + 0.2
Volcanic Center 0.23 + 0.02 0.27
0.30 + 0.10
Western Rift, 1.14 + 0.3
Crater Flat 1.07 + 0.04
1,09 + 0.3
1.07 + 0.4 1.16
1.11 + 0.3
1.50 * 0.1
Basalt of Sleeping 0.29 + 0.11
Butte 0.32 + 0.15 0.28 :
Basalt of Buck- 2,82 + 0.04 2.81
board Mesa 2.79 + 0.10

%pata from Crowé,et al. (1982).

Evaluation

The peak historical ground acceleration at a location 20 kilometers
(12 miles) east of Yucca Mountain is estimated to have been less than: 0O.lg
(Rogers et al., 1977). Pre-1978 higtorical seismic activity within 10 kilo-
meters (6 miles) of Yucca Mountain shows only 2 earthquakes with Richter
magnitudes greater than M = 3, Detection of earthquakes in the magnitude
ranges M = 4 to 5, M=5to 6, M=6 to 7, and M = 7 to 8 is complete for ‘the
most recent %40, 50 60, and 130 years, respectively, according to USGS -
(1984). Although surface faulting has been observed at Pahute Mesa and Yucca
Flat in response to nuclear explosions (SAIC, 1986), the closest historical
surface faulting accompanying natural earthquakes ovccurred in 1872 with ‘a
magnitude of M = 8+ in Owens Valley, California about 150 kilometers
(90 miles) west of Yucca Mountain (Rogers et al., 1977, 1976). This great
earthquake occurred on the western margin of the Basin and Range Province,
along the Sierra Nevada-Great Basin Boundary Zone (VanWormer and Ryall,
1980), which is a fundamental discontinuity between two contrasting
structural domains, - The Yucca Mountain area, in contrast, lies on the edge
of the East-West Seismic Belt between an area of moderate seismicity on the
north, and an area of lower seismicity to the south (see Section 6.3.1.7.5).
Two earthquakes with magnitudes of M = 6 have occurred within about 200 kilo-
meters (125 miles) of Yucca ,Mountain; one occurred in 1908, 110 kilometers
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(68 miles) southwest of . ucca Mountain, and one occurred in 1966, s&bout
210 kilometers (130 miles) to the northeast. 1f the historical earthguakes
recurred, they would not we large encugh or close enough to Yucca Mountain to
have any demonstrable ef’ect on waste contalnment or isolation (see the
qualifying condition avaiuation in Section 6.3,1.7.6).

Conclusion

The historical record does not show any earthquakes witin the geologic
setting of Yucca Mountain that, if they recurred, could . dvearsely affect
waste contalnment or isolutfon. Furthermore, the historiczl record discloses
no evidence of damaging ground motion or faulting at or near Yucca Mountain.
Therefore, the evidence indicates that this potentially adverse condition is
not present at Yucca Mountain.

(3) Indications, based on correlations of earthquakes with

tectonic processes and features, that either the frequency of
occurrence or the magnitude of earthquakes within the geologic
setting may increase.

The potential repository site at Yucca Mountain and a large area to the
west and south have had a relatively low level of seismicity throughout the
higstorical record (Rogers et al., 1983). The historic earthquake record
prior to 1978 shows that within about 10 kilometers (6 miles) of the aite,
there were 7 earthquakes; 2 had magnitudes of M = 3.6 and M = 3.4; magnitudes
were not reported for the remaining 5 earthquakes. They were apparently very
small or had magnitudes that could not be estimated due to instrument
problems. A new seismic network has recorded 3 minor earthquakes in the same
area between August 1978 and the end of 1983; the largest magnitudes
(ML, Richter scale) were approximately M = 2 (USGS, 1984).

Geologic evidence available to date indicates that 32 faults within a
1,100 square~kilometer (425 square-mile) area around the site offset or frac-
ture Quaternary deposits. Five faults are thought to have last moved between
about 270,000 and 40,000 years ago. Four faults last moved about 1 million
years ago; and 23 faults are thought to have last moved between 2 and
1.2 million years ago (Swadley et al., 1984).

One of the results of ongoing studies is an indication that fault orien-
tation may be more important than evidence of recent movement in determining
the potential for renewed activity (Rogers et al., 1983). Microseismic data
for Yucca Mountain and a large area to the west and south indicate that
faults with strikes from approximately north to northeast appear to be more
active than faults of other orientations (Rogers et al., 1983). At present,
a preliminary conciusion could be made that the north~trending faults at
Yacca Mountain should be considered potentially active even though the
absence of fault scarps and the near absence of seismic activity suggest that
they are not active (Rogers et al., 1983). It should be noted that the age
of moat recent surface displacement on a fault does not necessarily corrélate
with the degree of present seismicity on the fault., This lack of correlation
is indicated by the abundant seismicity on fault zones with no record of
Quaternary displacement and by the absence of seismicity in some areas of
Quaternary faulting (Rogers et al., 1983; USGS, 1984).
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From the historical seismicity of the southern Great Basin (two earth-
quakes of M = 56), anl length of active faults, a maximum magnituje of
M =17 to 8 1s inferrci for earthquakes in the Yucca Mountain region (USGS,
1984). The wide range of focal depths (0 to 10 kilometers (0 to 6 miles))
indicates that some faults in the southern Great Basin ex end to conglderable
depth and thus have large surface areas that would mak: them capable of
producing large eartiquakes (USGS, 1984).

The nature of seismic cycles and the relation betwe o the potential for
seismicity and the age of most recent movement on fay't: in the Bagin and
Range Province are not resolved (see Thenhaus (1983) fir a summary of views).
Until there 1s a better understanding of why some areas :ve stable and other
areas are unstable in the same region, it is not possible to rule out future
seismic activity on faults at Yucca Mountain (Rogers et al., 1983). This
position is taken partly because (1) interpretation of wtress measurements at
Yucca Mountain could indicate that certain faults may » potentially active
(Healy et al., 1984) and (2) faults similar in orientation and style to those
at Yucca Mountain exist on Pahute Mesa, where large nuclear tests have
resulted in displacement on faults for a distance approaching 10 kilometers
(6 miles) in length. Although movement on the faults at Pahute Mesa was
induced by nuclear explosions, the extent of faulting, the size of fault
displacements, and the wagnitude and depths of the accompanying aftershocks
indicate that these faults may have been tectonically stressed near the
failure point and that slip was triggered by stress changes produced by the
explosions (USGS, 1984). It should alsc be noted that in situ stress
measurements aloune do not allow quantitative statements about earthquake
probability and magnitude (SAIC, 1i985b),

Available information 18 insufficient to determine whether future
seismic activity is likely to be more freguent, or of higher magnitude than
historic seismicity. In order to provide a consistent interpretation of this
potentially adverse coundition, the maximum earthquake wagnitude in the
historical record and the record of Quaternary faulting within the geologic
setting are assumed to be the strongest indicators of future earthquake
potential for the postclosure time frame. Difficulty in iunterpreting the
Quaternary faulting record leads to the conclusion that the historical record
may not reveal the largest earthquake that could occur at Yucca Mountain.
Given this interpretation, a conservative position is that the geologic
setting of the Yucca Mountain site may experience earthquakes of higher
wagnitude or frequency than have been historically observad.

Conclusion

The record of Quaternary faulting and the unature of earthquake
occurrence in the geologic setting of Yucca Mountain is not understood well
enough to permit reliable correlations of earthquakes with tectonic processes
and features. In the absence of such correlations, the conservative
assumption is that earthquakes larger than those that have historically
occurred in the geologic setting of Yucca Mountain may occur 1n the future.
Therefore, the evidence indicates that this potentially adverse condition is
present at Yucca Mountain.
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(4) More~frequeut o:currences of earthquakes or earthquakes of
higher magnitude tha: are representative of the region ia which the
geologic setting {s :ocated. '

Evaluation

The Yucca Mountain site is located within the Basin an- Range Province
and 1s adjacent to a zaue of seismicity considered part of the East-West
Seismic Belt in southern Nevada (seec Figure 6-21). This be t connects the
north~trending Nevada Seismic Belt, about 160 kilometers ('( mlles) west:iof
the site, with the north~trending Intermountain Seismic ‘elt more than
250 kilometers (156 miles) east of the gite, Each of these vones of seig-
micity spans large areas that are heterogeneous in their gecloglc and seis-
mologic properties (Thenhaus and Wentworth, 1982). There are two earthquakes
in the historical record within about 200 kilometers of Yu::a Mountain with
magnitudes of M = 6; one at Death Valley in 1908, 110 kiloseters (68 miles)
southwest of the site and the second in 1966, about 210 kilometers
(130 miles) to the northeast.

The evaluation of the previous potentially adverse condition reviews the
historical record of seismicity for the Yucca Mountain site.. The evaluation
indicates that it is not possible to rule out future seism;c ‘activity on
faults at and near Yucca Mountain. However, there is no regson to believe
that this seismic activity is likely to be more fvequent or of higher'
magnitude than 18 typical for the gouthern Baain and Range rovince.

Conclusion

The frequency and magnitude of earthquakes at and near Yucca Mountain
during the several years of close monitoring 1s the same as or less than that
for the southern Basin and Range Province. There 18 no reason to expect Qhat
future seismicity at the site is likely to be more frequent or of higher
magnitude than is representative of the region in which the geologic setting
1s located. Therefore, the evidence indicates that this potentially adverse
condition 1is not present at Yucca Mountaine.

(5) Potential for natural phenomena such as landslides, subsi-
dence, or volcanic activity of such magnitudes that they could
create large-scale surface-water impoundments that could change the
regional ground-water flow system.

Evaluation

There is no evidence that subsidence related to dissclution of rocks?has
occurred, nor are there soluble rocks at the surface or within at least
1,200 meters (3,940 feet) of the surface of Yucca Mountain, Geologic. and
geomorphic evidence of landslides (Christiansen and Lipman, 1965; Lipman and
McKay, 1965; Scott and Bonk, 1984) is limited to relatively small rock slumps
along steep erosional slopes of Yucca Mountain. The largest of these slumps
is on the northeast side of Yucca Mountain along Yucca Wash, where a set of
blocks 500 meters (1,640 feet) wide is slumping into the wash along a complex
of 14 minor normal faults that strike parallel to the wash. There 1s no
geomorphic evidence of yapid movement of these blocks, and lateral movement
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seems to be limited to that observed along normal fault planes that dip 6) to
80°. There is no geomorphtic evidence that past slumping of blocks has dammed
major drainageways. Furtiermore, the slopes do not have a thick cover of
s0il or colluvial materiai that could slide down and create dams.

If basaltic eruptiouns were to occur at or near Yucca Mountain, they
might temporarily dam warhes. The most recent nearby volcanlam occurred at
several small basaltic crnes that are about 270 thousand to 3.7 million years
old and located 8 to 15 kilometers (5 to 9 miles) west and i uthwest of the
site. See Table 6-34 for ages of basalts in the area.

Sites of active basaltic and subordinate silicic volcarism progressively
shifted toward the m.urgins of the southwestern Great Basin b ginning about
1) million years ago (Crowe et al., 1983), and the likelihood of future erup-
tions at Yucca Mountain during the time important to waste fsolation is small
as indicated by the evaluation of favorable condition l.

Under expected climatic conditions over the next 10,000 years (see
Section 6.3.1.4) 1t 13 unlikely that sufficient surface runoff could be
impounded by any of the above tectonic processes, were they to occur, to
change the regional ground-water flow systems.

Conclusion

The creation of large-scale surface-water impoundments by natural
phenomena such as landslides, subsidence, or volcanic activity is not likely
in the Yucca Mountain area. No affect on the regional ground-water flow
system 1is expected from landslides, subsidence, or volcanic activity.
Therefore, the evidence indicates that this potentially adverse condition is
not present at Yucca Mountain.

(6) Potential for tectonic deformations--such as uplift, subsi-
dence, folding, or faulting--that could adversely affect the
regional ground-water flow svstem,

Evaluation

Calculations of the amount and the rate of subsidence, uplift, or
faulting in the southern Great Basin show that over the last few million
years Yucca Mountain and adjacent areas have been relatively stable,
particularly in comparison with tectonically active areas, such as Death
Valley and Owens Valley (Table 6~35) (Carr, 1984). Folding has not been
active in the vicinity of Yucca Mountain for millions of years, although
tilting and folding have occurred in the Death Valley region during Pliocene
and Quaternary time. Work in progress suggests that gentle warping of
Quaternary deposits might have occurred as close to Yucca Mountain as the
west side of Crater Flat. An assessment of tectonic warping will be a part
of the site characterization process. A level line was run through the Yucca
Mountain area in the winter of 1982-1983, and the following winter it was
rerun without evidence of change. During November 1985, the line will be
upgraded and extended through Mercury, Nevada, to create a level 1loop
originating and terminating at a first-order Natiomal Geodetic Survey line.
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Table 6-35. Approximate rates of relative vertical tectonic adjustment or
burial at selected locations in the southwastern Great Basin
during tlie late Neogene and Quaternarya

Rate

(metars per 1,000 years

Location or millimeters per year)

Commer .

S. Amargosa
Dasext Valley

Crater Flat,
central

Crater Flat,
eastern

Crater Flat,
southeastern

Crater Flat,
USW VH-2
drill hole

Yucca Mountain

N. W. Frenchman
Flat

S. Yucca Flat

Searles Valley

<0.01

<0.01

<0.01

<002

0.03

0.03

-

Based on a 3-millic¢~year old ash bed
in lake depesits -bout 5 meters
below the surface.

Basalt dated by potassium—~argon
method at 1.2 miilion years 1s at
the present surface and has. not been
deformed or subsided into the basin.

Based on an offset in alluvium
(allowing for 0.6 meter of erosion)
of 3.0 meters in l.1 million years.

Offset of alluovium in a minimum time
of 40,000 years, Actual time was
probably closer to 260,000 years.

Burial of baealt about 11 million
years old.

Based on maximum of 460 . meters of
offset of Tiva Canyon Member: in last
12.8 million years. For the
Quaternary, a very conservativei -
estimate is <0.0l1 meters per 1,000
years, based on maximum: credible
amount of displacement (10 meters)
in Quaternary time.

Burial of 3-million-year old ash bed
at depth of 195 meters; not in most .
active part of the Frenchman Flat
Basin. :

Based on amount: of displahement of an-

8. lwmillion-year old basalt in drill
holes. : : :

Buriai of 3~-millionryear old ashqbedu
in core at depth of 6921 meterss ::i
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Table 6~35. Approximate rates of relative vertical tectonic adjustment or
burial a: selected locations in the southwsstern Great Basin
during tta late Neogene and Quaternarya (continued)

Rate
(meters per 1,000 years
Location or millimeters per year) Comw-. ¥at
Death Valley, 0.3 Based on estir “ted displacement of
foot of Black Artist's Dri'e Formation of
Mountains 1,525 metere in 5 million years.
Sierra Nevada- 0.4 Average of 9 astimates (range .
Owens Valley- 0+2~1.0 meters per 1,000 years).
White-Inyo o : ‘
Mountains
Coso Range- 1.8 . Offset oﬁEzqﬁ.million~year€oId
Rose Valley lava flow.

8Data from Carr (1984).
Maximum rate.

The avallable data on several specific faults in the Yucca Mountain area
seem to show generally decreasing rates and amounts of offset through about
the last 10 million years (Carr, 1984). The data for older faulting are
obtained at locations where the offset of several volcanic units of known
ages can be determined. Control for dating events of the last 8 milliomn
years depends mainly on understanding and dating alluvial-stratigraphic units
that have limited vertical exposures. The absolute ages of some of these
units are not well known at present. Approximately 180 scarps or lineaments
that are presumed to be fault related have been identified within 100 kilo-
meters (62 miles) of Yucca Mountain (Carr, 1984). About one-fourth of these
are linear or curvilinear mountain fronts; the remaining 135 are actual fault
scarps or lineaments in the alluvium. Most of the alluvial scarps are low
and subdued by erosion. Ages of movement on faults that offset Quaternary
deposits are reviewed in the above evaluation of potentially adverse
condition 3.

The rates of uplift, subsidence, or faulting in the past have been very
low; it is postulated that similar rates will prevail in the future., If the
rates of uplift, subsidence, or faulting in a portion of the ground-water
system were significantly changed relative to those of other portions of the
system, the ground-water flow path between the repository and the accessible
environment could be affected. Ground~water flow could be either retarded or
accelerated. However, the scale of the effects on ground-water flow are
expected to be small because the present ground-water system is controlled by
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large regional struwctures that probably could not be altered significantly by
tectonic events during the time period important to waste 1solation.

Conclusion

The Yucca Mountain gite has a very small potential for tectonic deforma-
tions like uplift, subsidence, folding, or faulting of & magnitude or scale
that would affect regional ground-water flow. The r.-:fonal ground-water
system is controlled by geologic structures of such cornlexity and scale that
it could not be significantly modified over short {ixe periods by any
expected tectonic event, Therefore, the evidence i:rilcates that this
potentially adverse .ondltion is not present at Yucca M.untain.

6¢3.1.7.5 Disqualifying condition

A site shall be disqualified if, based on the geologic record
during the Quaternary Period, the nature and rates of fault
movement or other ground motion are expected to be such that a
loss of waste 1solation is likely to occurs

Evaluation

The potential repository site at Yucca Mountain and a large area to the
west and south have had a relatively low level of seismicity throughout the
historical record (Rogers et al., 1983). The historic earthquake record
prior to 1978 shows that within about 10 kilometers (6 miles) of the site,
there were 7 earthquakes; 2 had magnitudes of M = 3.6 and M = 3.4; magnitudes
for the remaining 5 were not reported. They were apparently very small or
had magnitudes that could not be estimated due to instrument problems. A new
selsmic network has recorded 3 minor earthquakes in the same area between
August 1978 and the end of 1983; the largest magnitudes (ME’ Richter scale)
were approximately M = 2 (Rogers, 1986). Within about 200 kilometers
(124 miles) of Yucca Mountain, there have been two historical earthquakes
with Richter magnitudes of M = 6. One earthquake occurred in 1908 at Death
Valley about 110 kilometers (68 miles) southwest of Yucca Mountain, and the
other occurred in 1966, about 210 kilometers (130 miles) northeast of the
site. The Owens Valley, California, earthquake of 1872, which is estimated
to have had a magnitude of M = 8+ on the Richter scale, represents the
closest historical surface faulting. It was located about 150 kilometers (90
miles) west of the site in a differert seismic zone (see Section 6.3.1.7.4,
potentially adverse condition 2).

Geologic evidence available to date indicates that 32 faults within a
1,100 square-~kilometer (425 square-mile) area around the site offset or frac-
ture Quaternary deposits. Five faults are thought to have last moved between
about 270,000 and 40,000 years ago. The remainder of the faults are thought.
to have last moved between 1 and 2 million years ago (Swadley et al., 1984).
At the time of publication of Swadley et al. (1984) there was no unequivocal
evidence that surface fault displacement had occurred within a 1,100 squave~
kilometer (425 square-mile) area around the Yucca Mountain site in the past
40,000 years. However, preliminary dates of a displaced silt horizon .

6-274

a0 008 o797



obtained by thermoluminescence methods may indicate surface fault displace-
ment on the order of ! to 10 centimeters in the eastern part of Crater Flat
more recently than abuuat 6,000 years ago (Dudley, 1985). Thermoluminescence
is a dating technique chat has been used in archaeology, but has not yet been
shown to provide reliacle dates in geologilc applications .Wintle and Huntley,
1982). Ongoing studi¢s to improve the dating of fault d-splacement in the
area will determine t'e reliability of these preliminary lafa.

Deformation rates at Yucca Mountain during the las. approximately
10 willion years have been about 4 times less than those¢ 3n adjacent parts of
the Basin and Range Province. Preliminary estimates suyg:st that a rate of
0.01 meter (0.03 foot) per 1,000 years 1s a realistic maxiawm for fault dis-
placement in the (uaternary Period at Yucca Mountain (Carr, 1984).

A number of different approaches have been used to estimate recurrence
intervals for earthquakes in the region. Rerupture times (recurrence ipter-
vals) estimated for various portions of the Basin and Range Province are
assembled from the literature in Table 6-36. The estimates .range from
25,000 years for M > 7, 2,500 years for M > 6, and 250 years for M > 5.
Recurrence intervals shown in Table 6-36 demonstrate the wvariability in
estimates, resulting from possible real differences for differing regions.
The table shows that recurrence intervals for M > 7 earthquakes for the
region south and east of Yucca Mountain are longer than those for the Nevada
Test Site (NTS) vegion by about a factor of 7. At this time, recurrence
estimates can only provide insight regarding possible recurrence intervals
for faults near Yucca Mountain. Until detailed fault studies arc fully com-
pleted, there is large uncertainty regarding the appropriate recurrence
intervals for these faults. However, the available data .(Swadley et al.,
1984; Dudley, 1985; and USGS, 1984), furnish no evidence to suggest that the
recurrence interval would be shorter than on the order of 25,000 years for
major (M > 7) earthquakes. It should also be noted. that there is no
information currently available on the seismogenic potential of faults at or
near Yucca Mountain, so that the occurrence of a magnitude 7 earthquake in
the area can neither be anticipated nor can it be ruled out.

As noted above, the NTS region occupies an intermediate position between
a large area of higher estimated seismicity to the north and an area of lower
seismicity in the Las Vegas region to the south (see Figure 6-22). Except
for a cluster of seismicity due to the water load of Lake Mead, Figure 6-22
shows a fan-shaped region extending southeast from the repository site that
is virtually free of earthquakes of M = 4 or larger. USGS (1984) calls
attention to the near absence of seismicity at approximately the M > 4 level
in some parts of a 100-kilometer (60-mile) radius surrounding the site.

Rogers et al. (1983) and USGS (1984) concilude that the seismic evidence
suggests that faults of north to northeast trend are most susceptible to slip
in the current stress field, citing evidence from stress measurements at
Yucca Mountain (Healy at al., 1984) and from faults of similar orientations
at Pahute Mesa, where fault movements have been induced by nuclear
explosions. For purposes of a preliminary evaluvation, the seismic hazard for
Yucca Mountain was estimated under the assumption that Yucca Mountain faults
were not active. The most likely peak deterministic ground acceleration. at
Yucca Mountain was estimated to be 0O.4g. This acceleration would result from
a full-length fault rupture (length 17 kilometers (10 miles), magnitude 6.8)
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Table 6~36., Rerupture times for faults in the southern Basin
and Range Province

Rerupture time

for M > 7.0
unless otherwise noted
Reference Area (years) Comments
Ryall and Western Great 7,000*10.000b ™ sm instrumental
VanWormer Basir® dava for 1932-1969
(1980) and 1970-1974
Greensfelder East~Weat 25,000 Logarithmic mean of
et al. Seismic Belt, two data sets
(1980) including C
Nevaga Test
Site
2,500d For earthquakes with:
M_>~6 . A '
250d For earthquakes with
M2>5
Las Vegag 190,000 Logarithmic mean of
Region two sets
a

bEntire 225,000~square—~kilometer region containing Holocene scarps.

Values were calculated on the assumption that a typical rupture zone has
an area of 1,000 square kilometers, and that such rupture zones are contained
withén the subject region.

Basin and Kange Seismotectonic Subprovince 4 of Greensfelder et al.
(1980), a 34,000~square~kilometer area containing the Nevada Test Site. (Log
N =260 ~1.0M, where N = number of earthquakes of magnitude greater than
or equal to M.)

Recurrence interval estimates based on data in Greeunsfelder et al.
(1980).

"Basin and Range Seismotectounic Subprovince 5 of Greensfelder et al.
(1980), a 73,000-square~kilometer area of very low seismicity north of 34°N.

(Log N = 1.72 - 1.0 M, where N = pumber of earthquakes of magnitude greater
than or equal to M.)

on the Bare Mountain Fault, which is 14 kilometers (9 miles) west of the
site. The probabilistic results discussed by Rogers et al. (1977) and USGS
(1984) demonstrate that uncertainties exist in the evaluation of seismic
hazard. Different assumptions regarding the appropriate recurrence model,
attenuation relationships, and the identification of specific faults as
seismic sources can result in widely different estimates of acceleration for
a given probability. At this time, it is prematyre to place much confidence
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in these estimates, other than to use them to provide insight, until a more
complete agsessmen. can be made of the various input parameters into a pro-
babilistic selsmic hazard analysis., During site characterization, the
seismogenic potential of faults at and near Yucca Mouniain will be evaluated
to determine the must probable earthquake and faultin;; scenarios that will
need to be considetved for evaluation of posatclosure r:pr2sitory performance.
Further discussionr of the approach to he taken for th se investigations is
presented in Section 6.3.3.4.5.

The ground motilon or faulting that 1s possible at¢ the Yucca Mountain site
is likely to have little effect on waste 1solation, i is known that earth-
quake damage to underground facilities 1s generally muc smaller than surface
damage (Pratt -t al., 1978, 1979). On the basis of detailed surface mapping,
faults that cut the potential repository host rock ave expected to have
easlly recognizable displacement if they are large encugh to be of concern.
Care will be taken during repository development to aveid recognizable faults
that appear to have any possibility of renewed activity. Formation of new
faults, although not likely, could affect the durability of the containers
during the containment period, with the most serious consequence being con-
tainer rupture. However, in order for radionuclides to be dissolved from the
waste and transported from the repository a sufficlent quantity of water must
be available. The expected very low flux (less than 0.5 millimeter
(0.02 inch) per year) at Yucca Mountain (Wilson, 1985) has been shown to: be
insufficient to transport radionucides in quantities that could exceed
release limits to the accessible environment (Section 6.4.2). Furthermore,
calculations by Sinnock et al. (1984) show that the U.S. Environmental Pro-
tection Agency (EPA) limits on cumulative curies released to the accesssible
environment are not violated for waste package containment times as short as
300 years and fluxes that are 40 times the upper bound of 0.5 millimeter
(0.02 inch) per year. Flux limitations and long travel times of more than
10,000 years (see Section 6.3.1.1.5), provide confidence that an earthquake-
or fault-induced disruption of the repository would be extremely unlikely to
cause radionuclide releases to the accessible environment in excess of those
allowable under 40 CFR Part 191 (1985).

Conclusion

The geologic record of faulting during the Quaternary Period suggests
that the Yucca Mountain site could experience selsmicity and faulting in the
future. There 1s, however, no clear evidence that a major earthquake is
likely to occur at or near Yucca Mountain. In addition, the consequence of
fault movement on waste 1solation in this geologic setting is expected to be
minimal. The very low water flux that is available for radionuclide trans-
port ensures that FEPA release limits are not likely to be exceeded.
Confidence in this prediction is enhanced by conservative calculations show-
ing that ground-water travel times exceed 10,000 years. Therefore, the
evidence does not support a finding that the Yucca Mountain site is
disqualified (level 1).
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6.3.1.7.6 Evaluation and conclusion for the qualifying condition on the
postclosure te:tonics guideline

The available data a'd interpretations indicate that silicic volcanism
ceased at least 8 million years ago in the southern Great Ba.:in. Basaltic
volcanlc activity has coivinued during the last 6 to 8 millicsi. years, but in
episodes that are separaled by millions of years to hundreds «f thousands of
years (Crowe et al., 1982). The most recent episode of ba-.ltic activity
near Yucca Mountain occurred approximately 270,000 years agu. The rates of
vertical tectonlc adjustments during the last 5 million ye-ras, as evidenced
by displaced rock units of Pliocene and Nuaternary age, hav.: been much lower
than those of older episodes (Carr, 1984). As displayed 1. Table 6-36,
recurrence intervals for major earthquakes (M > 7) in the reglon have been
estimated to be on the order of 25,000 years. Recurrence intervals for M > 6
earthquakes are reported to be on the order of 2,500 years, and M > 5 earth-
quakes have recurrence intervals on the order of 250 years.

Future tectonic events, including volcanism and faulting, are unlikely
to lead to loss of waste contalnment or isolation. The probability that
basaltic volcaniasm will disrupt the Yucca Mountain site over a 10,000-year
period is estimated to be about 1 chance in 10,000 (based on data from Crowe
et al., 1982). The consequences of this basaltic event were assessed by Link
et al. (1982)., They estimate. the expected radionuclide release over a
10,000 year period, assuming that volcanism occurs between 00 and 10,000
years, to be 1.8 curies or 0.038 curies per 1,000 metric tons of heavy metal
(MTHM) for a spent fuel repository. Because the probability of this event is
estimated to be less than 0.1 over the 10,000-year period, the U.,§8. Environ-~
mental Protection Agency (EPA) release limits should be multiplied by ten
according to 40 CFR 191, Subpart B (1985). The isotopes with the largest
expected releases under this scenario, relative to their respective EPA
release limits, are plutonium~-239 and ~240. Both are limited by the EPA to
cumulative releases over 10,000 years of 100 curies per 1,000 MTHM, or 1,000
curies per 1,000 MTHM for unlikely events., Expected release under the
volcanism scenario for each of these isotopes 1s 23 curies per 1,000 MTHM.
All other isotopes are released in quantities that are much smaller relative
to the EPA limits.

It is also unlikely that faulting and strong ground motion could cause
loss of containment or 1isolation. Fault displacement could rupture waste
disposal containers intercepted by the fault; however, care will be taken
during repository development to avold recognizable faults that appear to
have any possibility of renewed activity. Discussions in the previous
section indicate that earthquakes associated with large displacements are
likely to occur on prominent fault zones that have already been recognized;
an avoidance strategy is therefore plausible during container emplacement.
In addition, the unsaturated conditions at Yucca Mountain limit the water
available to dissolve and transport radionuclides so much that the potential
for loss of isolation 1s very small. Another concern is the ground motion
resulting from a nearby earthquake. This motion is unlikely to be severe
enough at depth to cause container rupture, as indicated in the discussion in
the preclosure disqualifying condition (Section 6.3.3.4.5). Strength
requirements that will be imposed on the containers during surface handling
will require that containers be able to withstand impact velocities during
drop tests that are much more severe than are likely to be experienced after
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emplacement in the repository. Furthermore, studies by Sinnock et al. (1984)
have shown that EPA limits on cumulative curies released to the accessible
environment are not violated for waste package containment times as short as
300 years and fluxeu that ave 40 times the upper bound of 0.5 millimeter
(0.02 inch) per yea. (see Section 6.3.1.1 for calculation of ground-water
travel times to the accessible environment and Section ©».4.2 for estimates of
releases of radionuilides to the accessible environment '.

At this time, no plausible scenarios have been deverloped that suggest
earthquakes, faulting, or volcanic activity is likely o lead to unacceptable
releases of radionuclides.

Conclusion

On the basis of presently available data and interpretations for the
Yucca Mountain site, the rates and magnitudes of tectonic processes during
the Quaternary Period were relatively low. No mechanisms have been identi-
fied whereby the exnected tectonic processes or events could lead to unac-~
ceptable radionuclide releases. Therefore, on the basis .of the above evalu-
ation, the avidence does not Bupport a finding that the site id mnot likely to
meet the qualifying condition for postclosure tectonics (level:3).

gt

6.3.1.7.7 Plans for site characterization

During site characterization, field investigations will continue to
evaluate the tectonic activity of the Yucca Mountain site and surrounding
region. These investigations will include (1) more trenching, including
trenching parallel to scarps as well as across scarps, to evaluate possible
strike~slip motion, (la) search for obscure fault scarps with low sun-angle
aerial photography, (1b) more detailed geomorphic studies of the faults using
state-of-the~art structural geomorphology techniques; (2) monitoring of
earthquake activity at the site and in the surrounding region; (3) monitoring
of ground motion in drill holes; (4) precise monitoring of geodetic positions
and elevations; (5) more studies of geomorphic history during the Quaternary
Period; (6) additional measurements of in situ stress in drill holes and
underground workings; (7) compilation of various types of structural
syntheses of the geology of the Nevada Test Site (NTS) region; (8) compila~-
tion of combined geologic maps of Yucca Mountain showing detailed Quaternary
fault distribution together with detailed distribution of Quaternary strati-
grahic units; (9) compilation of earthquake epicentral plots by fractional
magnitude intervals to evaluate conceptual models of the seismic quiet zone
southeast of the NTS. In addition, more data on the geohydrologic system
will be obtained, which will ensble the local ground-water system to be
modeled in detail. This modeling will then permit the effects of credible
tectonic events on ground-water flow and radiopnuclide transport to be
described. ‘ IR



6.3.1.8 Human interference technical guideline (10 CFR 960.4-2-8): Natural
resources (10 JFR 960.4-2-8-1) and site ownership and control
(10 CFR 960.4--2--8~2)

6.3.1.8.1 Introduction

This guideline coatains two qualifying conditions., 7Jne 1is for the
natural resources guidzline, and one is for the postclosu : site ownership
and control guideline. The postclosure site ownership and control guideline
is discussed in Section 6.2.1.1.

The qualifying condition for this guideline i1s as foll ws:

The site shall be located such that--considering permanent markers
and records and reasonable projections of value, scarcity, and

technology-~the natural resources, including ground water suitable
for crop irrigation or human consumption without treatment, present
at or near the site will not be likely to give rise to interference
activities that would lead to radionuclide releases greater than

those allowable under the veguirements specified in Sectlon 960.4-1.

The human interference technical guldeline consists of the natural re-
sources and postclosure site ownership and control technical guidelines. The
guldeline on natural resources addresses general concernsg about surface and
subsurface resources, including minerals, energy resources, and ground water.
It considers these resourceg with respect to reducing or removing the incen-
tives for economically motivated postclosure human-interference activities
that could adversely affect the isolation capabllities of a site. The
guideline on site ownership addresses the requirements of the Nuclear
Regulatory Commission for the U.S. Department of Enexgy to obtain ownership
and surface and subsurface rights to land and minerals within the controlled
area of the repository. This section evaluates the Yucca Mountain site
against the overall qualifying condition for human interference and against
the conditious of the natural resources guideline. Section 6.2.1.,1 provides
relevant data and the evaluation with respect to the site ownership and
control guideline.

The natural resources guideline contains two favorable conditions, five
potentially adverse conditions, two disqualifying conditions, and one.
qualifying condition. The site ownership and control guideline contains one
favorable condition, one potentially adverse condition, and one qualifying
condition. Table 6~37 summarizes the evaluations for the natural resources
guldeline, except the disqualifying conditions. See Section 6.2.1.1 for the
summary table for site .ownership and control.

6+3:1.8.2 Data relevant to the evaluation

The energy- and mineral-resgurce potential of Yucca Mountain and sur-
rounding areas has been evaluated by Bell and Larson (1982) and by Quade and
Tingley (1983). Boreholes have been drilled in and around Yucca Mountain for
the Nevada Nuclear Waste Storage Investigations Project (Maldonado and
Koether, 1983; Spengler et al., 1981; Scott and Castellanos, 1984), and core
samples and drill cuttinge have been routinely analyzed by geochemical
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8¢9

(10 CFR 960.4-2-8):

Summary of analyses for Section 6.3.1.8; human interference technical guideline
natural resources (10 CFR 960.4-2-8~1) and site ownership and

control (10 CFR 960.4-2-8-2) (see Table 6-2)

Condition

Department of Energy (DCE) finding

FAVORABLE CONDITIONS

(1) %o kuuwn natural resources that have, or are

~
o
i

(1)

proiected to have in the foreseeable future, a
value great enough to be considered a commer-
cially extractable resource.

Ground water with 10,000 parts per million or
more of total dissclved solids along any path
of likely radionuclide travel from the host
rock to the accessible envircnment.

The evidence indicates that this favorable condition

is present at Yucca Mountain: no present or pro-
jected uranium, hydrocarbon, or critical mineral
resources have been identified; potential develop~
ment of ground water for irrigation is not expected

because of unsuitable topography and great depth of
water table.

The evidence Indicates that this favorable condition
is not present at Yucca Mountain: ground water has

total dissolved solids less than 300 parts per
willion.

POTENTTALLY ADVERSE CONDITIONS

Indications that the site contains naturally
occurring —aterials, whether or not actually
t2zntified in such form that (i) economic
extracticn is potentially feasible during
the foreseeable future or (ii) such materials
have a greater gross value, net value, Or
commercial potential than the average for
other areas of similar size that are repre-

sentative of, and located in, the geologic
setting.

The evidence indicates that this pctentially adverse
condition is not present at Yucca Mountain: no
critical or unique energy, metallic, or nonmetallic
resources have been identified in the site viecinity.
There is no credible potential for the use of water
resources for agriculture.
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Table 6-37. Summary of analyses for Section 6.3.1.8; human interference technical guideline
(10 CFR $60.4-2-8): mnatural resources (10 CFR 960.4-2-8-1) and site ownership and
control (10 CFR 960.4-2-8-2) (see Table 6-2) (continued)
Condition Department of Energy (DOE) finding

i) %v77 Loe vi subsvrface miring or extraction The evidence indicates that this potentially adverse
for recources within the site if it could condition is not present at Yucca Mountain: no
affect waste containment or isolation. evidence of subsurface mining or extraction for

resources has been found at the site.

(3) Evidence of drilling within the site for any The evidence indicates that this potentially adverse
purpose other than repository-site character- condition is not present at Yucca Mountaln: there
ization to a depth sufficient to affect waste has been no drilling at the site except for m<mucml
containment and isolation. tion for the potential repository.

(4) Evidence of a significant concentration of The evidence indicates that this potentially m&<mnmm
any naturally occerring material that is not condition is not present at Yucca Mountain:
widely available from other sources: resources in the site vicinity are also found out-—

side the vicinity where they are more abundant m:m
can be extracted more economically. .
(5} Potential for foreseeable human activities— The evidence indicates that this potentially adverse

such as gromnd-water withdrawal, extensive
:.7igation, subsurface injection of fluids,
underground pumped storage, military activi-
ties, or the c(onstruction of large-scale sur—-
face~water impoundments——that could adversely
change portions of the ground-water flow
system important to waste isolation.

condition is not present at Yucca Mountain: ground-
water development for irrigation is not expected
because of unsuitable topography and great depth to
the water table. If extensive withdrawal of ground
water lowered the water table, improved waste
isolation would result because of increases in
unsaturated zone travel times. Limited energy and
mineral resources limit the potential for human
activities.
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Table 6-37. Summary of analyses for Section 6.3.1.8; human interference technical guideline
(10 CFR 960.4-2-8): natural resources (10 CFR 960.4-2-8-1) and site ownership and
control (10 CFR 960.4-2-8-2) (see Table 6-2) (continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

Human interference: natural resources

The site shall be located such that——considering
permanent markers and records and reasonable pro-—
jections, of value, scarcity, and technology——the
natural resources, incleding ground watér suitable
for crop irrigation or human consumption without
treatment, present at or near the gite will not be
iikely to give rise to interference activities
that would lead to radionucliide releases greater
than those allowable under the requirements speci-
fied in Section 960.4-1.

Human interference: site ownership and control

See Table 6-2 for second bhuman Interference

Gualifvioz condition which is the gualifying con-
dition for postclosure site ownership and control.

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi-
tion (level 3): no known valuable natural resources
are present, and potential for future natural .
resources is low; permanent markers are expected to
remain effective and discourage future human inter-
ference.
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methods. Field exploration and geologic mapping have been conducted by the
U.S. Geological Surve: {(Christiausen and Lipman, 1965; lipman and McKay,
1965; Scott and Bonk, 1984), Archaeological surveys have been conducted in-
the site area to deLe«t historical evidence of resource extraction activities
(pippin et al,., 1982; Pippin, 1984). g

Geothermal rescurces in the area were 1inventoried by Garside and
Schilling (1979), and evaluated by Trexler et al. (1979, The hot springs
stndied are northwest and south of the Yucca Mountaln s :.s. Data from the
gite-specific investigations were compared to the genar-l requirements in
White (1973) in order to determine geothermal regource pctential. Detailed
discussions of the poucential for energy and mineral rursurces, including
assumptions and data uncertainties, are presented in Secilon 3.2.4.

A ground-water resource potential map has been prepared by Simmp¢k and
Fernandez (1982). Data on water quality in the site wvicinity have: ‘béen
obtained by Benson et al. (1983) and Winograd and Thordarson (1975)s The
reglonal ground-water flow model for the site 18 discusazed in Section 3.3.2,
which also includes discussions of ougoing work.

6.3.1.8.3 Tavorable conditions

(1) No kunown natural raesources that have or are projected to have
in the foreseeablé future a value_great enoqgh to be consldered a
commercially ext{actable resource.

Evaluation ;
Present knowledge of the status of energy resources at or near the site:
suggests that (1) there {s no potentfal for any commercially;ﬁttréétive geo—:
thermal or hydrocarhon resources at or near Yucca Mountain and (2) there is:
no indication of uranium resources at Yucca Mountain. The energy resources .
appraised by Bell and Larson (1982) include hydrocarbons (e.g., oil, gas, oil
shale, and coal); low- to moderate~temperature sources of geothermal energy;
and radioactive minerals (1.e¢,, uranium and thorium). None of the project :
boreholes have shown evidence of the presence of energy or mineral resources
(Maldonado and Koether, 1983; Spengler et al., 1981; Scott and Castellanos,
1983). The area around Yucca Mountain is extremely well known in terms of
heat flow. Hot springs and wells were inventoried and evaluated by Garside
and Schilling (1979) and Trexler et al. (1979). Data from more than 60 wells
(some as deep as 1,800 meters (6,000 feet)) is available, and water tempera-.
tures range from 21 to 65°C (70 to 149°F). With present technology, this
temperature range is insufficlent for commerclal power generation, which .
requires temperatures of at least 180°C (350°F) (White, 1973), Specific min=
eral resources appraised include base and precious metals (e.g., silver), as.
well as significant industrial minerals and rock materials (e.g., gravel),
Detailed information supporting this evaluation 18 . presented in
Section 3.2.4, and:a‘'resource-map is shown in Figure 6=23 s s e o

Although ground water 1is used for irrigation in Ash Meadows and in the
Amargosa Valley, 1t 1s unlikely to be used for irrigation at Yucca Mountain

because of the rugged terraln and great depth tc the water table (Sinnock and
Fernandez, 1982). Supporting data for this evaluation are given in
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BASE AND PRECIOUS METALS AND ASSOCIATED MINERAL DEPOSITS. MAY INCLUDE QOLD,
SILVER, ANTIMONY, MERCURY, COPPER, IRON, LEAD, TITANIUM, TUNGSTEN, AND/OR ZINC.

INDUSTRIAL MINERALS. MAY INCLUDE BENTONITE,KAOLIN,HALLOYSITE,CINDERS,GRAVEL,

LIMESTONE,PERLITE,PUMICE,ALUNITE,CERAMIC SILICA, DIATOMITE,MAGNESITE,
TRAVERTINE,AND/OR ZEOQLITES.

GEOTHERMAL RESOURCES. INCLUDES WARM SPRINGS AND WELLS. WATER TEMPERATURES
ARE AS FOLLOWS: OQASIS VALLEY - LESS THAN 43°C . AMARGOSA DESERT/ASH MEADOWS/
JACKASS FLATS-LESS THAN 33°C.

URANIUM OCCURRENCES.

MINING DISTRICTS OR LOCATIONS DISCUSSED IN TEXT

YUCCA MOUNTAIN SITE.

Figure 6-23, Location of metallic ore deposits, industrial minerals, thermal
waters, and mining districts in the vicinity of Yucca Mountain. Modified from
Bell and Larson (1982) and Trexler et al. (1979).
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Section 3.6.3,3, which discusses the uses and sources of water in the
Amargosa Desert. Other pertinent information can be found in the hydrology
(Section 6.3.3.3) and sccloeconomics (Section 6.2.1.7) guidelines.

Conclusion

.There are no kunow: natural resources that have, or are projected to have
in the foreseeable future, a value great enough to be cong..dered commercilally
extractable. Therefore, the evidence indicates that this iavorable condition
is present at Yucca Mountain,

(2) Ground water with 10,000 parts per million or mor . of total
dissolved solids along any path of likely radionuclide travel from
the host rock to the accessible environmept.

Evaluation

Most samples of ground water obtalned to date from wells and sprivngs
throughout the region, including the Yucca Mountain area, have total-
dissolved-solids (TDS) concentrations of less than 300 parts per million
(Benson et al., 1983). Winograd and Thordarson (1975) report a TDS value of
886 parts per million for Well J-11 in Jackass Flats. Thus, ground water
with 10,000 parts per million or more of total dissolved solids probably does
not occur along any flow path.

: {

Conclusion

.Reported analyses of. local ground water indicate that it is unlikely
that the. total dissolved solids could reach or exceed 10,000 parts per
million in the ground water along any path of likely radionuclide travel from
the host rock to the accessible environment. Therefore, the evidence indi-
cates that this favorable condition is not present at Yucca Mountain.

6.3.1.8.4 Potentially adverse conditiouns

(1) Indications that the site contalns naturally occurring
materials, whether or not actually identified in such form that
(i) economic extraction 1s potentially feasible during the
foreseeable future (ii) or such materials have a greater grcss
value, net value, or commercial potential than the average for
other areas of similar size that are representative of, and located
in, the geologic setting.

Evaluation

Resource-potential sgurveys of the region (Bell and Larson, 1982; Quade
and Tingley, 1983) are explained in Section 3.2.4 (and briefly discussed
under the favorable conditioun of this guideline). No energy, metal, or non-
metal resources unique to the site vicinity or critical to foreseeable
national needs have been identified. The resources identified within the
site vicinity are of lower value than similar resources in surrounding
regions. On the basis of the preliminary information discussed in sections
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3.2.4.2 and 3.2.4.3, Yu~rca Mountaln is not considered to have any potential
for the development of natural resources under foreseeable economle con-
ditions and extraction rechniques. As pointed out under potentially adverse
condition 2, Section ©.3.1.1 (Geohydrology), some water resources are
present. However, depths to ground water, topographic cenditions, soil
unsuitability, and land-use restrictions at the repositor, site limit the

avallability and attra.tiveness of this ground-water resou.cz now and in the
future.

Conclusion

Yucca Mountain has no energy or mineral resources ¢ which economic
extraction is poteatially feasible in the foreseeable futuie. No resources
are known to be present at Yucca Mountain that hgve greater commercilal
potential than other areas in its geologic setting. The site does not
possess water resources that would meet the criteria datated in the
potentially adverse condition. Therefore, the evidence indicates that this
potentially adverse condition is not present at Yucca Mountain.

(2) Evidence of subsurface mining or extraction fox resources
within the site 1f it could affect waste containment or igolation.

Evaluation

The resource-potential survey of the region did not identify any
evidence of significant mining-related operations at the Yucca Mountain site.
The entire area has been mapped by the U.S. Geological Survey, and no
evidence of significant subsurface mining has been reported. There is little

likelihood that unknown excavations other than shallow prospecting pits exist
at the site.

Conclusion

There has been no subsurface mining or extraction for resources at Yucca
Mountain. Therefore, the evidence indicates that this potentially adverse
condition is not present at Yucca Mountain.

(3) Evidence of drilling within the site for any purpose other
than repository-site evaluation to a depth sufficlent to affect
waste containment and isolation.

Evaluation

Before waste storage ilnvestigations began, two boreholes existed in the
area of the proposed site: Well J-13, which is 7 kilometers (4 miles) south-
east of the site, and Well J-12, which is approximately 15 kilometers
(9 miles) to the northeast. The site is in an area of federally controlled
lands, most of which were restricted in the early 1950s to prevent public
access., Furthermore, the entire area has been mapped by the U.S5., Geological
Survey. Consequently, there is little likelihood that unknown wells, bore-
holes, or excavations other than shallow proupecting pits exist at the site.

6-288
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Conclusion

There has been no «rilling at Yucca Mountain except that for evaluation
of the potential repository site., Therefore, the evidence indicates that
this potentially adverse condition is not present at Yucca sountain.

(4) Evidence of a significant concentration of any npaturally
occurringﬁmaterial that is not widely available from .-:her sources.

Evaluation

The resource-potential survey found no indication o¢. material or
resources that are unique to the site or critical to national needs (see
favorable condition 1 for this guideline). Significant mineralization does
not generally occur within the type of volcanic rock present in the area of
Yucca Mountain. Furthermore, the survey indicated that any material
regources found in the site vicinity are also found outside thls area. Those
outside the area typically have more economic value or ate more easily
extractable.

Conclusion

There is no evidence of any significant concentration of potentially
valuable natural resources at Yucca Mountain that are not widely available
from other sources. Therefore, the evidence indicates that this potentially
adverse condition is not present at Yucca Mountain.

(5) Potential for foreseeable human activities-—such as ground—
water withdrawal, extefisive irrigation, subsurface injection of
fluids, underground pumped storage, military activities, or the
construction of large-scale surface-water impoundments~-that could
adversely change portions of the ground~water flow system 1mportant
to waste isolation.

Evaluation

The potential for extensive ground~water extraction at or near the site
is evaluated in detail in potentially adverse condition 2 of Section 6.3.1.1
(Geohydrology). Although potable ground water is present beneath Yucca Moun-
tain, future generations are not likely to drill and extract water from the
top of Yucca Mountain, because drilling and extraction would be easier and
more economical in the surrounding area. Extensive pumping of Well J~13,
which i1s 7 kilometers (4 miles) southeast of the Yucca Mountain site in
Jackass Flats and draws watexr from the tuffaceous aquifers, has not resulted
in measurable regional declines in the water table. This suggests that
ground-water extraction in Jackass Flats would not likely induce significant
changes in the ground-water flow system. Furthermore, extensive pumping and
drawdown of the water table would improve the isolation potential of the site
because it would increase the thickness of the unsaturated zone, resulting in
longer travel times to the accessible environment. The depth of the water
table and rock conditions at Yucca Mountain would make underground pumped-
storage schemes uneconomical. Also, because of the low energy~ and mineral~
potential of the Yucca Mountain site, it is considered unlikely that any com—
mercial or industrial development that would use water, or require subsurface
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injections of fluids, vould be located in the area. No military activities
that affect the ground-water system are foreseen.

Conclusion

The Yucca Mountain area has very limited potential fuor the large-scale
development of any kiund of water resgources; consequently, wwdification of the
ground-water flow system 1s unlikely. Water use or waste-:iuid production by
commercial resource development 1s not likely in the area. Furthermore, any
changes that increase the thickness of the unsaturated z ne are likely to be
favorable to waste isolation. Therefore, the evidence in!icates that this
potentially adverse condition is not present at Yueca Moun. ain.

6.3.1.8.5 Disqualifying conditions

A site shall be disqualified {f--

(1) Previous exploration, mining, or extraction activities for
resources of commercial importance at the site have created

significant pathways between the projected underground facility
and the accessible environment, or; ‘

Evaluation

Thorough examination of the Yucca Mountain site and comprehensive
searches of literature and mining claim files have disclosed no evidence of
ground-disturbing activities. Searches have included the followlng:

l. Archaeological field surveys over more than 28 square kilometers
(11 square miles) for historical artifacts, prospects, or other
indicators of resource extraction at the site (Pippin et al., 1982;
Pippin, 1984).

2. A resource-potential survey including searches of mining literature

and claim files for records of past interest in, or activity at, the
site (Bell and Larson, 1982; Quade and Tingley, 1983).

3. Geologic mapplung of the entire area by the U.S. Geological Survey
(Christiansen and Lipman, 1965; Lipman and McKay, 1965; Scott and
Bonk, 1984)0

It is extremely unlikely that unknown excavations exist at the site.
The site is in an area of federally controlled launds, most of which were
restricted in the early 19508 to prevent public access and thereby excluded
from the development of even small-scale mining operations.

Conclusion

There have been no previous exploration, mining, or extraction activi-
ties for resources at the Yucca Mountain site. No significant pathways have
been created between the projected underground facility and the accessible
envirooment. Therefore, on the basis of the above evaluation, the available
evidence does not support a finding that the site is disqualified (level 1).
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(2) Ongoing or likely future activities to recover presently valusble
natural mineral yresources outside the controlled area would te
expected to lead i+ an inadvertent loss of waste isolution.

Evaluation

As described in ‘hapter 3, Bell and Larson (1982) i{.vestigated the
resource potential around Yucca Mountain and identified v energy, metal or
nonretal resources unique to the site vicinity or critice: to foreseeable
national needs. Figure 6~23 shows the location of metal ‘leposits, industrial
minerals, and thermal waters in the vicinity of Yucca lointain. Minor
amounts of uranium have been reported west of Yucca Mour.i;ain at Bare
Mountain, but no uranium mines or prospects have been developed. The nearest
mining activity 1s about 5 kilometers (3 miles) west of Yucca Mountain.
Industrial minerals are being extracted from shallow mines in that area.

Conclusion

Only shallow mining of industrial minerals now exists in the vicinity of
Yucca Mountain. No resources have been identified that would be 1likely to
cause increased mining activities. There are no ongoing or expected future
activities to recover presently valuable natural mineral resources outside
the controlled area that could be expected to lead to inadvertent loss. of
waste isolation. Therefore, the evidence does not support a finding that: the
site 1s disqualified (level 1).

643.1.8.6 Evaluation and conclusion for the qualifying coundition on the
natural resources. part of the postclosure human interference
technical guideline

Evaluation

A thorough examination of the resource potential for Yucca Mountain has
been made, including geologic mapping of the area and a resource~potential
survey. These studies indicate nc known natural resources or naturally
occurring materlals that currently have significant commercial value.
Furthermore, they have not 1identified any resources or materials that are
likely to become commercially attractive in the future. Evidence of subsur-
face drilling, mining, or exploration has not been found. Extensive ground-
water withdrawal near or at the site would be likely to improve the isolation
potential by increasing the travel times to a deeper water table.

Permanent markers that would warn future generations of the danger of
the repository can be installed at Yucca Mountain. Furthermore, some of the
characteristics of the site, such as the extremely arid climate and the low
population density in the surrounding region, are favorable to the pre-
servation of permanent markers. No site-specific factors that would be
likely to compromise the effectiveness of such markers have bean identified
and none are likely to be present. . o
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Conclusion

Currently, the 'icca Mountain site has no known waluable natural
resources, and no natural resources have been ldentified that are iikely to
become sufficlently vuluable in the foreseeable future :hat they would -
encourage interference activities that could lead to unacieptable releases of
radlonuclides. The uvaly resource of valua 18 ground wat acr, and extensive
withdrawal could favorably affect portions of the ground water flow system
important to isolation by increasing the thickness of th: unsaturated zone.
Extreme aridity and low population density help to guayairee that an effec~
tive system of permanent markers can be installed. ‘The..efore, on the basis
of the above evaluatiou, the evidence does mnot support & finding that the
aite 18 not likely to meet the qualifying condition for postclosure human
interference (level 3).

6.3.1.8.7 Plans for site characterization

The effects of ground~water withdrawal in various parts of the area sur-=
rounding the Yucca Mountain site: will be better established by hydrologic
information collected during site characterization. Additional data on
hydraulic gradients and :relationships amoung ground-water basins and sub-
hasins will be particularly useful. for rdfining regional hydrologic models..
The need for additional information on resource potentfal will. be evaluated
during site characterization,

IR AT R R

6.3.2 POSTOLOSURE SYSTEMwOUIDELINE (10 CFR 960. 4*1)
6.3.,2.1 Introduction
The qualifying condition for this guideline is as follows:

The geologic setting at the site shall allow for the physical
separation of radioactive waste from the accessible environment
after closure in accordance with the requirements of 40 CFR Part
191, Subpart B; as implemented by the provisions of 10 CFR Part 60.
The geologic setting at the site will allow for the use of
engineered barriers to ensure compliance with the requirements of
40 CFR Part 191 and 10 CFR Part 60.

The postclosure system guldeline defines general requirements for the
performance of the entire waste disposal system after the repository has been
closed. These performance requirements are based generally on the objective
of protecting the health and safety of the public until the radiocactivity of
the waste has decreased to safe levels (i.e., 1,000 yeavs) anhd specifically
on the requirements of ‘the 'U.S. Environmental Protection Agency (EFA)

40 CFR Part 191 (1985)2iand: the Nuclear Regulatory Commission (NRC)
10 CFR Part 60 (1983).
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The waste disposal system consists of a natural barrier subsystem (the
geologlc setting at the site) and an engineered barrier subaystem (the waste
package and the mined cepository excluding boreholes, shsits, and seals).
The role of engineered barriers as part of the total waste disppsal system is
recognized by both the &PA and the NRC; both of these ager«ies have estab-
lished specific perfo-mance requirements or objectives in 40 CFR
Part 191 (1985) and 11U CFR Part 60 (1983), respectively. However, the
objective of the siting guldelines is to ensure the seleci on of a site that
has the required capability for waste isolation. For this reason, the merits
of the geologic setting at the site have been evaluated 'ndependently from
any englineered features that would be used, and engineere.: harriers have been
considered only where uecessary to establish a reference counditlon for
evaluating the potential effectiveness of particular site conditions (Sec-
tion 6.402).

At this stage of site investigatlons, the data that have been collected
and analyzed are insufficlent for assessing the performance of the total
waste disposal system, its subsystems, and components or the uncertainties
associated with each componeunt. Such an assessment will be conducted after
site characterization and the final design of the repository have been
completed. Therefore, final conclusions ahbout the ability of the Yucca
Mountain site to comply with the postclosure system guideline are neither
possible nor expected at present. It is, however, possible to make judg-
ments, based on the quantitative and qualitative evaluations reported in this
section, about the degree of confidence that the site will indeed be shown to
comply with the system guideline after site characterization.

6.3.2.2 Evaluation of the Yuccg Mountain site

The approach used in‘evaluatidg the Yucca Mountain site against the
postclosure system guideline is both quantitative and qualitative. The
quantitative approach predicts the quantity of radionuclides that would be
released from the repository into the accessible environment during the next
10,000 years if present site conditions persist. The assumption about pre-
sent conditions persisting in the future 1is necessitated by the unavoidable
uncertainty about specific future conditions at Yucca Mountain (or any site).
The predictions are based on limited information about the site and simple
modeling technlques. Their sole purpose is to establish the general range of
expected site performance.

The qualitative approach balances the potential influences of the
favorable and the potentially adverse conditions in the technical guidelines.
This approach is judgmental because the relative importance of particular
favorable and potentiallyjadverse conditions must be weighed in relation to
their potential effectq on Qhe behavior in the context of the qverall sgetting
at Yucca Mountaind, Nonetheless, evaluations of the gite against these condi-

tions can strongly indicate whether a site has the features needed for long-
term waste isolatipn..

o

The data on which the quantitative and qualitative analyses are. hased
are summarized in sections 6,3.1.1 through 6.3.1.8. The analyses of Sinnock
et al. (1984) and Thompson et al. (1984) supplement the analyses in this
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section and provide ad’'itional detail., Sinnock et al. (1984) and Thompson et
al. (1984) also used early estimates of ground-water Fflux (Sass and
Lachenbruch, 1982) and estimates of matrix diffusion (Travis et al., 1984) in
gsome of their calculations,

6.3.2.2.1 Quantitative analyses

In Section 6.4.2, the predicted performance of sim.lz system and sub-
system models is iufornally compared with six regulatory ~riteria specified
by the U.S. Envirunmental Protection Agency (EPA) (40 CFR 2art 191, 1985) and
the Nuclear Regulatory Commission (NRC) (10 CFR Part 60, 1983): the waste~
containment requirements of 40 CFR 191.13, the indivitual protection
requirements of 40 CFR 191.16, the ground-water protection requirements of
40 CFR 191,16, the ground-water travel time specified in 10 CFR 60.113, the
performance objective for the waste package specified in 10 CFR 60.113, and
the fractional radionuclide-release rate from the enginesred barrier system
specified in 10 CFR 60.113 (see Table 6-~51 in Section 6.4.2). The comparison
shows that the Yucca Mountain site, as described by the simple model dis-
cussed in Section 6.4,2, would meet all of these criteria, In regard to the
i1solation requirements of 40 CFR 191.13, the cumulative release of radio-
activity (in curies) to the accessible environment for the first 10,000 years
after repository closure is predicted to lie well below the EPA limits for a
wide range of the fractional radionuclide-release rates from the engineered-
barrier system, As a corollary, releases to the saturated zone under Yucca
Mountain are predicted to be zero for the first 10,000 years, and the modeled
system meets the ground-water protection requirements of 40 CFR 191.16. The
expected ground-water travel time is greater than 10,000, with an average
travel time of 43,405 years; hence the modeled system also meets the perfor-
mance objective of a 1,000-year pre~-waste-emplacement ground-water travel
time in 10 CFR 60,113, The lifetime of the model waste package 1s expected
to exceed 3,000 years, which is substantially longer than the performance
objective (300 to 1,000 years) of 10 CFR 60.113. Finally, for the upper
bound flux estimate, time-averaged fractional radionuclide release rates from
the engineered barrier system are predicted to be 1 part in 100 million per
year or less, which 18 only one-~thousandth of the 1limit specified in
10 CFR 60.113, a release of 1 part in 100,000 of the waste species present
1,000 years after repository closure,

Other analyses that supplement the conclusions presented here have been
made and described in detall by Thompson et al. (1984) and Simnock et al.
(1984), Thompson et al. (1984) completed their study before evidence became
available that the upper bound on flux of ground water at the repository
level is probably 0.5 millimeter (0.02 inch) per year (Section 6.3.1.1.5).
They chose a vertical flux through the repository of 5 millimeters (0.2 inch)
per year as the wmidpoint of the flux range (1 to 10 millimeter (0.04 to
0.4 inch) per year) suggested by early studies of Sass and Lachenbruch
(1982). The release of radionuclides into this flux was assumed to begin 300
years after waste emplacement. The release rate was assumed to be determined
by an overall waste-dissolution rate of one part in 100,000 per year of the
total mass of the waste (in the form of both gpent fuel and high-level waste
converted to borosilicate glass). Sorption was the only retardation
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mechanism assumed to a:fect radionuclide transport inm the moving wuter. In
this study, only two radionuclides, carbon-l4 and techuetium-99 (both
nonsorbing), were predicted to reach the accessible environment (at that
time, this was a point 10 kilometers (6.2 miles) horizont.ily distant from
the repository) within 10,000 years. The estimated quantiiies released from
1,000 metric tons of i12avy metal (MTHM) were about 1 curin of carbon-l14 and
8 curies of technetiuw-~99, The release limits establisgh.-: by the EPA for
these nuclides in 40 CFR Part 191 (1985) are 100 and 10,00, curies per 1,000
MTHM, respectively. Thus, the early quantitative analys: 3 nf Thompson et al,
(1984) 1indicated that the site, in and of 1itself, could .*‘mit radionuclide
releases to the accessible environment to about 2 percent «{ those allowed by
the EPA standards provided that flow was in the rock matrix,

More recently, Sinnock et al, (1984) analyzed the sensitivity of
releases (both from the waste form and to the accessible environment) to
variations 1in the water flux through the repository and to waste-form
golubility. Their results indicate that the Yucca Mountain site would comply
with the established EPA release limits even if the watwr flux reached
20 millimeters (0.8 inch) per year, assuming that radionuclide releases from
the waste forms are limited by the solubility of uranium oxide and glass and
the phenomenon of matrix diffueion (Travis et al., 1984) retards transport in
fractures by a factor of at least 100, and perhaps 400. The results of this
study also suggest that the NRC limits for the fractional radionuclide
release rate from the engineered barrier system can be met without any
engineered barriers other than the waste form because the amount of water
likely to be in contact with the waste is insufficient to cause higher rates
of waste dissolution,

Three conclusions can be derived from the study by Sinnock et al.
(1984). First, flux values up to 40 times the curzent upper bound of
0.5 millimeter (0.02 inch) per year are not expected to cause releases to
exceed limits. Second, the unsaturated zone is favorable for waste isolation
because waste dissolution is limited by low flux. Third, geochemical retar-
dation (sorption) 1s not necessary to satisfy performance objectives, and
hence the presence of a zeolitized zone beneath the repository horizon
provides additional assurance that radionuclide release and transport will
not occur even under extreme conditions. However, the study did rely on the

phenomenon of matrix diffusion to meet standards at the higher values of
flux.

The performance studies summarized above are first steps toward
developing confidence in the waste-isolation capability of the geologic
setting at Yucca Mountain. They do not substitute for the detailed
performance assessment that will be made after data from site character-
ization become available. These preliminary studies have used analytical and
computational tools that are considered valid and reasonable, but have not
all been formally validated and verified. Furthermore, these preliminary
studies have not considered disruptive events and processes that could alter
the expected pattern of waste release (i.e., climatic changes, tectonism,
erosion, and human interference). Although some discussion of disruptive
events 1is given in Section 6.4.2, a complete set of disruptive-event
scenarios pertinent to Yucca Mountain cannot be identified until site
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characterization is cowpleted., Many of the favorable and potentially adverse
conditions 1ln the guidelines deal with potentially disruptive events. The
evaluations 1in sections 6.3.1.1 through 6.3.1.8 summarize the kpowledge, some
of which is quantitative, that has been gathered about thew,

To compensate fo. uncertainties caused by limited in:»:nation about the
gite and the design of the repository, many of the assump ions uced in these
pretiminary studies are conservative, 1In particular, the €ollowing conserva-
tive assumptions should be noted:

1. 1In some of the studies, no credit was taken for ¢ igineered barriers
in evaluating the performance of the repoaitory, even though a
realistic evaluation cannot be made without considering the
contribution of engineered barriers,

2. In some of the studies, the percentage of the total water flux
passing through the repository that actually reaches and dissolves
the waste was assumed to be much higher than 13 likely (see the
discussion of the gechydrology disqualifying condition in Section
6.3.1.1.5).

3. In all of the studies, a uniform vertical dowaward flux at the
repository level was assumed. No consideration was given to the
possible diversion of some or of all the percolating water along the
generally longer, horizontal flow paths by stratigraphic- or
structural features in the rock units below the repository.

4, In some of the earller studlies, the thickness of the unsaturated,
highly sorptive tuffaceous beds of Calico Hills was assumed to be
only 100 meters (330 feet) for the calculations of flow time and
radionuclide transport. However, the thickness of the Calico Hills
unit below the proposed repository horlzon is 100 to 350 meters:
(330 to 1,150 feet) (see Figure 6-2).

5., None of the studies took credit for the potential drying effect of
heat em{tted by the waste on the rocks around the waste~emplacement
holes or on water entry into waste disposal containers (see the
discussion of the geochemistry second favorable condition in .
Section 6.3.1.2.3). ‘

In combination, the results obtained wusing these conservative
agsumptions lend confidence to the conclusion that, after site characteriza-
tion, the Yucca -Mountailn site will be shown to meet the pOstclosure system
guideline (10 CFR 960.4-1(a), 1984).

6.3.2,2.2 Qualitative analysis

The evaluations against the favorable and potentially adverse conditions
of the postclosure technlcal guidelines show that the Yucca Mountain site
renmains eligible under all of the postclosure technical guidelines and is not
disqualitied under any of the five postclosure guidelines that contain a dis-
qualifying conditicn (sections 6.3.1.1 through 6.3.1.8). Conclusions about
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site suitability will “e reevaluated after site characterization, when addi~
tional site data and ‘esign information are available, These preliminary
evaluations lead to diiferent levels of confidence about compliance with each
postclosure guldeline., The level of confidence 18 the hic¢hest for meeting
the guidelines on erceion, dissolution, and human interfcience; 1t 1s only
slightly lower for thr guidelines on geochemistry and roci: zharacteristics.
The potential of the site to meet the guldelines on geo rdrology, climate
change, and tectonics engenders the most uncertainty, v no instance,
howaver, is the level of confidence low enough to just'f. a finding that
Yucca Mountain does not qualify, or is disqualified, wi.h :sespect to any of
the technical guidelines,

Remaining wuncertainties 1in evaluations of the site against the
postclosure tcchnical guidelines stem from the scarcity of data, incomplete
understanding of certain natural phenomena, and inability to quantify the
likelihood of human intrusion in the distant future. Geaerally, the more
important of these uncertainties are the potential for rapid ground-water
flow through fractures and for large rises in the water table in the presence
of other potentially adverse conditions at the site. The principal natural
phenomena for which incomplete understanding leads to uncertainty are ground-~
water flow, expected climatic changes, oxidizing conditions in the ungatu-
rated zone, and tectonic processes. These aund other phenomena that might
significantly affect waste isolatlion are evaluated in the appropriate
sections in this chapter, The implications of the potential effects on waste
isolation are not fully understood at present, although certain preliminary
observations can be made.,

Oxidizing conditlons around the waste might seem to indicate an
increased potential for releases of radionuclides from the engineered
barrier system, although these conditions are not expected to cause serious
problems (see discussion of potentially adverse coundition 3 in Section
6.3.1.2.4). On the other hand, the current information about the water flux
and geochemical retardation at Yucca Mountain suggests that they will
decrease the potentlal for releases of radionuclides to the accessible
environment, As discussed below, the low flux expected for the unsaturated
zone at Yucca Mountain would increase travel times and limit waste~
dissolution rates to extremely low levels. The presence of engineered waste
disposal containers would provide additional assurance that the oxidizing
conditions, in particular, will not result in unsatisfactory performance.

The possibility of adverse effects due to tectonlc activity can be
examined by studying their effects on ground-water flow. The parametric
analyses by Sinnock et al. (1984) included evaluations of performance under
ground-water fluxes of up to 20 millimeiers (0.8 inch) per year, which 1is at
least 40 times higher than the maximum flux expected at and below the
repository level. Even such high fluxes did not cause the predicted releases
of radionuclides at the accessible environment to exceed the proposed
U.S. Environmental Protection Agency standards. Current estimates of the
most likely flux passing through the host rock at Yucca Mountain indicate
that fracture flow 1s presently not significant and further tectonically
induced increases in fracture density in the host rock would not be likely to
affect radionuclide migration. Furthermore, the rocks of Yucca Mountain have
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been subjected to active tectonism for millions of years and are slready
highly fractured in thy units that are brittle enough to  fracture,
Therefore, any increase 1in fracturing is expected to be rninor, unless the
tectonic regime were tc¢ change drastically. Overall, tectonic processes will

probably have negligible effects on flow mechanisms in the .bsence of extreme
and rapid climatic charges,

The effects of possible climatic changes represent & area of concern.
Possible increases on unsaturated zone flux, increased wac.r table altitudes,
and changes in transport processes in both the unsaturs-e¢d and saturated
zones will be carefully evaluated during site characterisirion. To date, 1t
appears that possible climate changes over the next 10,000 years are unlikely
to cause significant changes in the potential for radionuc:iide releases to
the accessible environments,

Human intrusion might seem to present a potential for release of radio-
nuclides that would exceed the regulatory limits. 1In principle, the presgence
of potable ground water beneath the site may induce future generations to
drill near the repository site to obtain water. However, no wmechanismas
whereby this drilling could significantly change the total amount of waste
released to, or transported by, the hydrologic system have been fdentified to
date, Moreover, concern about the potential for human intrusion is dimin-
ished by the great depth to the water table.

In summary, the hydrologic conditions alone are believed to be suf-
ficlent to compensate for the potentially adverse conditions outlined above.
Other favorable conditions for rock characteristics, erosion, and human
interference reinforce the belief that the waste-isolation capabilities of
Yucca Mountain are not likely to be seriously impaired in the future.

Therefore, even though Yucca Mountain possesses some potentially adverse
conditions, the current understanding of these conditions leads to the con-
clusion that they will not cause significant risks for future generations.
This conclusion must be more firmly established by quantitative analyses of
both the likelihood (when possible) and the consequences of the potentially
adverse conditions, 1In addition, the satlsfactory performance inferred from
the presence of the favorable conditions currently thought to exist at Yucca
Mountain must be confirmed with more comprehensive analyses. Proceeding in
parallel with site characterization, such analyses would identify the most
important conditions for consideration and provide a documented and realistic
assessment of the risks posed by a repository at Yucca Mountain,

6.3.2.3 Summary and coniclusion for the qualifying condition on the
postclosure system guldeline

Preliminary quantitative performance studies support the conclusion that
a repository at Yucca Mountain qualifies for site characterization under the
postclosure system guideline, 10 CFR 960.4~1(a) (1984), because it would meéet
the U.S. Environmental Protection Agency standards in 40 CFR Part 191 (1985)
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i1f present hydrologic, pgiologic, and geochemical conditlons (as presantly
understood) persist for the next 10,000 years. Furthermore, it is likely
that the Nuclear Regulaiory Commission limits on release vates from the
engineered barrier systew (i.e., 1 part in 100,000) could be met., These
conclusions were drawn irom several independent preliminary quantitative
analyses and qualitative judgments based on site conditions.

The effects of potentially disruptive events or prov.sses, such as
climete changes, tectonlsm, extreme erosion, and human inte: ference have not
all been addressed by quantitative analyses, but no real .s:ic and likely
mechanisms for repository failure through such events or [:ccesses have been
identified to date. Qualitatively, the Yucca Mountaln site¢ 1s judged to be
qualified under all eight of the postclosure technical guideiines and 1s not
disqualified under any of the five guldelines that contain a disqualifying
condition. This conclusion is supported by the overall balance between the
favorable and the potentially adverse conditions identitfied at Yucca
Mountain. Although the level of confidence about the existence and the
effect of individual slte conditions does vary, the favoreble aspects of a
very small water flux and good geochemical retardation coniribute to the high
degree of confidence about the ability of the geologic setting to isolate the
waste., Therefore, the evidence does not support a finding that the site is
not likely to meet the qualifying condition for the postclosure system
guldeline (level 3),

6.3.3 PRECLOSURE TECHNICAL GUIDELINES

This section presents preliminary evaluations of the Yucca Mountain site
against the preclosure technical guidelines that require site character~
ization for the demonstration of compliance. These technical guidelines are
related to the preclosure system guldeline on the ease and cost of repository
siting, construction, operation, and closure (10 CFR 960.5~1(a)(3), 1984).
They are concerned with surface and rock characteristics and bhydrologic and
tectonic conditions.

6.3.3.1 Surface characteristics (10 CFR 960.5~2-8)

6.3.3.1.1 Introduction
The qualifying condition for this guideline is as follows:

The site shall be located such that, considering the syrface
characteristics and conditions of the site and surrounding area,
including surface-water systems and the terrain, the requirements
specified in Section 960.5~1(a)(3) can be met during repository
siting, constructiomn, operation, and closure.

The surface characteristics technical guideline is one of several pre-
closure guidelines under the heading entitled ease and cost of construction,
operation, and closure. The objectives of this guideline are to ensure that
(1) adverse surface characteristics will not require any technology other
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than that reasonably :vailable for siting, construction, operation, and
closure of a repositury, and (2) the assoclated costs will not be
unreasonable relative ro other available and comparable siiing options,

The concerns to be addressed under this guideline are. related primarily
to topographic features that control placement of or otherwise impact surface
facilities. Special neasures may be necessary for reposi.ory construction,
operation, and closure in sites prone to periodic floodin-, located in rugged
terrain, or with other adverse surface features.

This guldeline corsists of two favorable conditfons, one potentially ad-
verse condition, and one qualifying condition., The Yucce Mountain site is
evaluated wlth respect to each of these conditions in the following sections,
and Table 6~38 summarizes the pertinent findings for these conditioms,

6.3.3.1.2 Data relevant to the evaluation

The candidate locationa that were evaluated as potential sites for the
surface facilities of the repository are on the eastern side of Yucca Moun~
tain (Jackson, 1984), A reference concertual site was selected for planning
purposes (Neal, 1985). The data needed to describe the surface character-
istics were obtained primarily from 1:24,000 topographic maps with 6-meter
(20-foot) contour spacing (USGS, 1961) and high-resolution aerial photographs
(e.g., Figure 2-2)., The topographic data were evaluated together with
surface hydrography 1in order to determine the flood potential along the
Fortymile Wash drainage basin (Squires and Young, 1984). Geomorphic obser-
vations also have been made to determine the relative ages of surfaces and
thereby allow an assessment of the general stability of these surfaces during
the operational period.

Flood peaks have been estimated for the 100-year, the 500~year, and the
regional maximum (most intense) floods for the eastern part of Yucca Mountain
and Fortymile Wash (Squires and Young, 1984). The prediction of the regional
maximum flood was based on data from floods elsewhere in Nevada and in sur-
rounding states. The water depths predicted for major channels durlng flood
peaks are based on the estimated runoff produced during extreme storm events
and the capacity of the drainage system.

Assumptions and data uncertainties

Uncertainty in topographic data originates in the accuracy of the photo-
grammetric process and field survey data. The accuracy of topographic data
requires an evaluation relative to the purposes for which they are used. The
reference topographic maps (USGS, 1961) comply with National Map Accuracy
Standards and are adequate for preliminary repository planning. The aerial
photographs and associated ground-survey control are sufficient to provide
the higher—detail maps that will be required for construction. The flood
predictions and regional geomorphic interpretations are partly qualitative,
but they are based on prevalling sclentific methods. No site~specific flood
or runoff data are currently available for Yucca Mountain.
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Table 6-38.

Summary of analyses for Section 6.3.

3.1; surface characteristics (10 CFR 960.5-2-8)

- Condition = -

Department of Energy Auomv finding

FAVORABLE CONDITIONS

(1) Generally fiat terrain.

(2) Generally well drained terrain.

The evidence indicates that this favorable condition
is present at Yucca Mountain: surface facilities
and access routes will be located in areas with
generally flat terraia.

The evidence indicates that this favorable condition
is present at Yucca Mountain: there is a well-
established drainage system; porous alluvial soils
are present and the water table 1is deep; the area
will not pond water.

POTENTIALLY >U<mwwm CONDITION

Surface characteristics that eould w@&& to mwooml
ing of surface or underground facilities by the
occupancy and modification of floedplains, the
failure of existing or planned man—made surface-
water impcundments, or the failare Om,mnmwnmmnma
components of the repository.

QUALIFYING

The site shall be located such that; considering
the surface characteristics and conditions of the
site and surrounding area, fincluding surface—
water systems and the terrain, the requirements
specified in Section 960.5-1(2)(3) can be met
during repository construction, -operation, and
closure. ,

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: . arroyo
drainage system is subject to short periods of

localized flooding during rare extreme storms;

potential exists for minor flooding due.to sheet.
flow during infrequent extreme storms, although
standard draimage control measures are considered
adequate to protect surface and cmmmnmﬁocsm
facilities.

CONDITION

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi-
tion (level 3): surface facilities would be located
on the flat eastern slopes of Yucca Mountain; areas
are well drained but subject to short periods of
localized sheet flow duriang rare sxtreme storms.




6.3,3.1.3 Favorable coditions

(1) Generally fla: terrain,

Evaluation

The reference couceptual gite for the surface facfliities of the
repository and exploratory shaft is on the eastern side -{ Yucca Mountain:
(Neal, 1985). The site 1s generally flat and covered with a2lluvium derived
from adjacent highlands. The surface slope is less thar ! percent and, in
several places, less than 3 percent, Thus, even though ‘arraln directly
above the area proposed for the underground facility 1. rugged with
established drainage channels, the surface facilities and access routes would
be located in an area of generally flat terrain.

Access to the surface facllities would be provided by rail and highway.
Detailed descriptions of the characteristics of these access routes are given
in Section 5.3, A major design consideration is protection for the bridge
plers and abutments that would be built across Fortymile Wash because large
volumes of water and debris move down the wash during severe storms. The
necessary drainage control measures are not major, but the bridge plers and
abutments must be well designed to ensure protection against damage.

Conclusion

The surface facilities, shafts, and the access routes to them can be
located 1in generally flat areas with slopes of less than 5 perceat.
Therefore, the evidence indicates that this favorable condition I8 present at
Yucca Mountain,

(2) Generally well-drained terrain.

Ivaluation

The drainage systems at Yucca Mountain are well developed; they have
been identified from topographic maps (USGS, 1961) and aerial photographs.
The conditions that contribute to effective and rapid drainage include the"
porous alluvial soils and the eastward dipping slopes. The average depth to
the water table is 500 to 750 meters (1,640 to 2,460 feet) in the Yucca
Mountain area (Section 6.3.1.1).

Conclusion

Yucca Mountain has a well-established drainage system. The consistency
of slopo direction coupled with the evenness of the surfaces, the depth to
the water table, and the porous nature of the alluvial soils, suggest that
the area will not pond water. Therefore, the evidence indicatea that this
favorable condicion is present at Yucca Mountain.
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6.3.3.1.4 Potentially adverse condition

Surface character.istics that could lead to the flooding of surface
or underground facilities by the occupancy and modification of flood
plains, the failure of existing or planned man-made s::face-water
impoundments, or ithe fallure of engineered componenta - of the reposi-

tory.

Evaluation

The current reference location for the surfagff facil:itv (Neal, 1985) is
entirely outside the main-channel flood zones predicted fc: the 100-year
flood (Squires and Young, 1984). Parts of the reference location would be
affected by the 500-year and regional maximum floods predicted by Squires and
Young (1984). However, these areas can be protected by standard drainage
control measures such as channel lining and by diversion during construction.
Neither lining nor diversion is expected to be a major cost., Moreover, the
repository at Yucca Mountain 1s not expected to contain auny engineered com-
ponents whose faillure could lead to significant flooding of the underground
facility.

The washes emerging from Yucca Mountain have generally steep slopes and
are capable of moving large volumes of water and debris, including large
boulders, The proposed exploratory shaft site in Coyote Wash is within
50 meters (160 feet) of a small colluvial slump debris-flow deposit. Similar
deposits are probably present elsewhere at Yucca Mountain, and such deposi~
tional sites will be avoided in choosing a location for repesitory structures
and veuntilation shafts. These facilities will not be placed in potentially
adverse locations; alternatively, dralnage control measures will be used.
Relocation can be accomplished at minimal, cost; 1if any, likewise, protective
measures such as channel lining or diversion are not expected to add signif-
icantly to the cost of the repository. There are no nearby existing or
planned man-made surface~water impoundments that could flood a repository at
Yucca Mountain, The engineered components of the repository are not likely
to fall because thelr design and specifications will be independently
examined by the Nuclear Regulatory Commission and adequate safety factors
will be used during design, construction, and operation.

The flooding potential predicted for the Fortymile Wash system 18 based
on conditions that can be expected during the rare but extreme meteorological
events that occur in the area (Section 6.2.1.4). These predictions are
derived from data for similar events in the region. The flood-potential maps
are reasonable first estimates that can be used in planning, and the maps
will be revised on the basis of additional field geomorphic data. To verify
the flooding predictions, field investigations, including the collection of
runoff data, are under way. These investigations will include the mapping of
areas that were subject to flooding during Holocene time and a calculation of
the probable maximum flood (PMF) during gite characterization,

Conclusion
The arroyo drainage system leading away from Yucca Mountain is subject

to localized flooding and debris flows during rare extreme storms. These
storms could result in flooding of the surface or underground facilities due
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to possible sheet flow. However, the impacts of this infrequent localized
flooding can be mitigited during repository siting, construction, operation,
and closure., On the basls of the potential for sheet flow, the evidence
indicates that this potentially adverse condition {s present at Yucca
Mountain,

6.3.3.1.5 Evaluation and conclusion for the qualifying (ondition on the
preclosure surface characteristics guideline

Evaluation 3

The conclusions about the suitability of the surface characteristice at
the Yucca Mountain site are largely qualitative; they are based on the engi~
neering and scientific judgment of the many professional civil engineers and
geologists who have examined the available topographic, geomorphic, and flood
potential data for the site. ’

The alluvial area on the eastern side of Yucca Mountain ig well drained
but also subject to overflows of water from the existing arroyos during
extreme storm events (100~year, 500-year, and regional maximum floods). As
indicated by their recurrence intervals, these floods are very infrequent and
of such short duration that they would not significantly affect the siting,
construction, operation, and closure of a repository., The effects of these
extreme events, as well as debris flows and sheet flow, can be readily
mitigated using standard drainage control measures.,

ponclus{gg

The surface and underground facilities can be located where the surface
characteristics would not adversely affect either the ease or the cost of
repository siting, construction, operation, and closure. The current refer-
ence surface facility location is well drained but may be subject to infre-
quent floods and sheet flow whose impacts can be mitigated easily using
standard drainage control measures without incurring major costs. Therefore,
on the basis of %he above evaluation, the evidence does not support a finding
that the site is not likely to meet the qualifying condition for preclosure
surface characteristics (level 3).

6.3.3.1.6 Plans for site characterization

Site-specific meteorological data will be obtained and should allow
better planning for the drainage control measures cthat are needed to ade-
quately protect the surface and underground facilities. Field investigations
and laboratory testing to determine soil and bedrock properties -will bé con-
ducted to determine improved locations for the repository surface facilities.
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6+.3,3.2 Rock characteristics (10 CFR 960‘5"219)

60303&201 Introductic:

The qualifying condition for this guideline is as foliows:

The site shall be located such that (1) the thickness _and lateral
extent and the c'aracteristics and composition of thv “host _rock
will be suitable for accommodation of the undergrouu.: facility;

(2) the repository construction, operation and clogute will not
cause undue hazard to personnel; and (3) the requil‘npnts specified
in Section 960.5-1(a)(3) can be met.

The objective of this guideline is to ensure that duc consideration is
given to the host-rock characteristics that may affect (1) the ease and cost
of repository siting, construction, operation, and closure, and (2) the
safety of repository workers. Among those characteristics are the thickness
and lateral extent of the host rock, geomechanical properties that are
favorable for the stability of underground openings, and conditiéns that

allow the construction of shafts and the underground faci'ity with reasonably
available technology.

The preclosure rock characteristics guideline consists of two favorable
conditions, five potentially adverse conditions, one disqualifying condition,
and one qualifying condition. The evaluations reported below are summarized
on Table 6-39 for all conditions except the disqualifying condition.

6.3.3.2.2 Data relevant to the evaluation

Summary of available data o

Avallable data indicate that rock with acceptable characteristics for
locating an underground facility are present beneath Yucca Mountain (Sinnock
and Fernandez, 1982; Sipnock ‘et al., 1986; Mansure and Ortiz, 1984).
Detailed surface mappingt(Scott and Bonk, 1984) and core samples from driil
holes led to the initial identification of four potential horizons for the
underground facility; samples from the potential host rock obtained from core
samples have been analyzed for mineral content (Bish et al., 1982, 1984) and
for geoengineering properties (Lappin, 1980a,b; Lappin et al., 1982 Dravo
Engineers, Inc., 1584; ~Price et al., 1982a,b; Price, 1983). A
three-dimensional gecloglc model of Yucca Mountain is presented in Nimick and
Williams (1984).- Additional data are available on borehole and tunnel tests
and measurements in ‘tuff (Healy et al., 1984; Tyler and Vollendorf, 1975;
Ellis and Ege, 1976; and Warpinski et al., 1978) '

The relative suitabilltieb of the four potential horizons, have  been
compared on the basis of- minability, excayatian stability, maxymum cgpacity
for gross thermal 1oad1ng,‘ far-field thermomechanital  responses, and
potential ground~water travel times (Johnatope et alé,” 1984) Geoengineering
properties of the four horizons are reported in Tillerson and Nimick (1984).

N
i
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Table 6-39. Summary of analyses for Section 6.3.3.2; rock characteristics (10 CFR 960.5-2-9)

Condition

Department of Energy (DOE) finding

{n

(2)

n

(2)

FAVORABLE CONDITIONS

A hoii rock that is sufficiently thick and
laterally extensive to allow significant flex—
ibility in selecting the depth, configuration,
and location of the underground facility.

A host rock with characteristics that would
require minimal or no artificial support fer
underground openings to ensure safe reposi-
tory construction, operation, and closure.

The evidence indicates that this favorable condition
is not present at Yucca Mountain: sigrnificant
lateral flexibility cannot be claimed until site-
characterization data are available.

The evidence indicates that this favorable condition |

is present at Yucca Mountain: minimal artificial
means are required to support similar tuffs at the
NTS; a similar approach should ensure safe reposi-
tory constructicn, operation, and closure.

POTENTIALLY ADVERSE CONDITIONS

A host rock that is suitable for repository
ceastruction, operation, and closure, but is
go thin and laterally restricted that little
flexibiliry 18 available for selecting the
*apth, configuration, or location of an
uaderground facility.

In situ characteristics and conditions that
could require engineering measures beyond
reasonably available technoiogy in the con-
struction of the shafts and underground
facilityv.

The evidence indicates that this potentially adverse

condition is present at Yucca Mountain: significant

lateral flexibility cannot be claimed.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: shafts
and underground facility can be constructed using
proven, standard methods.
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Table 6-39. Summary of analyses for Section 6.3.3.2; rock characteristics (10 CFR 260.5-2-9) (continued)
Condition Department of Epmergy (DOE) finding
(3) Geomechanical properties that could necessi- The evidence indicates that this potentially adverse

tate extensive maintenance of the underground
opesings dnring repository operation and
C_. 32

(4) Potential for such phenomena as thermally
induced fracturing, the hydration and dehy-
dration of mineral composments, or other
physical, chemical, or radiation-related
phenomena that could lead to safety hazards
or difficulty in retrieval during repository
operation.

(5) Existing faults, shear zones, pressurized
brine pockets, dissolution effects, or other
stratigraphic or structural features that
could compromise the safety of repository
personnel because of water inflow or com
struction problems.

QUALIFYING

The site shalil be located such that (1) the
thickness and lateral extent and characteristics
and compesition of the host rock will be suitable
for accommocdation of the underground facility;
{2) repository construction, operation, and clo-
sure will not cause undue hazard to personnel;
and (3) the requirements specified in Section
960.5-1(a){3) can be met.

condition is not present at Yucca Mountain: conven-
tiomal rock bolts and wire mesh are expected to
provide adequate support and require minimal
maintenance.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: welded
tuff is expected to have sufficient physical and
chemical stability to ensure safety and retrievabil-
ity; no potentially hazardous physical, chemical, or
radiation-related phenomena have been identified.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: an
unsaturated zone repository is not expected to have
water in flow, and stratigraphic and structural fea-
tures are not expected to ccmpromise safety. .

CONDITION

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi-
tion {(level 3): thickness and lateral extent of host
rock is expected to provide adequate, but not signi-
ficant flexibility for the lateral layout and
reasonable flexibility for verticsl repository posi-
tioning; no rock characteristics that could cause
undue hazards to personnel have been identified or
are expected to be encountered.
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Ground support requirements have been evaluated using mining experience at
tunnel excavations or the Nevada Test Site (NTS) in formations similar to the
devitrified, densely welded tuffs of the Topopah Spring Member at Yucca
Mountain (Dravo Engineers, Inc., 1984; Tibbs, 1985; Ortegoz 1985). Small-
diameter-heater experiments have been conducted in tuff at one of these

excavations to determine the thermomechanical rock prcierties (Zimmerman,
1983).

Information from Kendorski et al. (1984) is used t. evaluate the long-
term stability of shotcrete lining in tunnels. Accide:t statistics from the
hardrock metal-mining industry and from the Nevada Tes: iite excavations are
used 1n the discussica of operational safety (Schueler, i985). Information
on accldent experience in tunnels at the NTS is availablc in Dunnam (1985)
and Tibbs (1985). The concepts of the safety orders presented in DOE (1981)
and the California Department of Mines safaty orders havs been incorporated
into the safety standards and enforcement practices now used for tunnel
congtruction at the NTS,.

Assumptions and data uncertaintles

The analyses of the suitability of rock characterigtics are based
primarily on data from surface reconnaissaunce and boreholes, No major
excavations have been made at the Yucca Mountain site, and there 1is no
experience with excavations in the proposed horizon elsewhere in the area.
However, extensive tunnel systems have been excavated in the bedded and
welded tuffs at Rainler Mesa on the NTS, As part of the Nevada Nuclear Waste
Storage Investigations Project, in situ experiments have been initlated in
one tunnel in Rainier Mesa (G-Tunnel) in a welded tuff unit with some
characteristice that are simllar to those expected in the repository horizon.
Data collected from drill holes have been used in the preliminary stability
analysis for the proposed exploratory shaft (Hustrulid, 1984) which will
penetrate the potential repository horizous. Data obtained from the
exploratory shaft and related boreholes will significantly expand the
existing data base that is being used for conceptual design of the repasitory
and design analyses. As part of the preliminary conceptual design and
related work, a study was made addressing how variations in geoclogic .and
geophysical properties impact repository planning and design (Dravo
Engineers, Inc., 1984). New information obtained during site character-
ization may lead to some changes in the design of the repository, but these
changes are expected to be within the limits expressed in the original
reference repository design (Jackson, 1984). The thermomechanical modeling
of the potential repository horizons (Johnstone et al., 1984) 1s considered a
preliminary evaluation. Valldation of this model and additional modgling,
will be addressed during site characterization. The degree of confidence in
both the existing data for the site and the analyses made with the data is’
considered more than sufficlent for a preliminary evaluation against the
preclosure guldeline on rock charadcteristics.
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6.3.3.2.3 Favorable conditions

(1) A host rock ihat 1s sufficiently thick and laterally exten-
give to allow siranificant flexibility in selecting zhe depth,
configuration, ani location of the underground facility.

Evaluation

Flexibility in locating the repository is important .ecause sufficieng
options should be available to construct the undergroun’ “acility away from
areas of geologic anomalies, should they be found, N s&nomalies are
expected, except for minor faults and assoclated breccias. None of these are
likely to have significant adverse affects on mine stabilir-y. Flexibility’
related to waste emplacement in horizons other than the Topopah Spring Member
was discussed in Section 6.3.1.3 (Postclosure raock characteristics). This’
evaluation examines emplacement only in the part of the densely welded,

devitrified Topopah Spring Member that contains less than 15 to 20 per¢ent
lithophysae.

The primary area for locating the underground facility is shown as
area | on Figure 6~24., Area 1 contains relatively few faults and rare fault
breccias, Available data indicate that rock with acceptable character-
istics is present 1n area 1, and could be present in area 2 and perhsps
outside these areas (Sinnock and Fernandez, 1982; Mansure and Ortiz, 1984).
On the basis of detailed surface mapping by Scott and Bonk (1984) of the ;
possible repository expansion areas, area 2 has the greatest potential of :
containing rock with acceptable characteristicas. The surface and subsurfaqe
geologic exploration of Yucca Mountain has concentrated on area } and. thL
immediately surrounding area.

Analysis of a three—dimensional computer graphics model of Yucca Moun~
tain (Nimick and Williams, 1984) indicates that area 1 contains approximately
890 hectares (2,200 acres), although minor faults and breccia and blocks :
rotated to steep dips may occupy some of the area. Approximately- '
749 hectares (1,850 acres) of area 1 are potentially usable on the basis of
the disqualifying condition for erosion, which requires a 200-meter
(656-foot) overburden. The acreage required for a repository that is
designed to accomodate the equivalent of 70,000 metric tons of heavy metal
(MTHM) is approximately 616 hectares (1,520 acres) (Mansure and Ortiz, 1984),
suggesting that additional acreage outside area 1 may be needed for signifi-
cant lateral flexibility in repository design. Area 2, a primary area for:
extending the underground facility from area 1, contains about 910 hectarea
(2,250 acres) and is similar to area 1l in fault density. Data for area 2
are limited to those obtained from surface mapping and extrapolation of drill
hole data obtained mainly in and around area 1. If extension of the
underground facility from area 1 is required to provide lateral flexibility,
additional geologic characterization will be required to determine how much
of this area is usable. Area 3 contains approximately 162 hectares
(400 acres). Small portions of this area could violate the disqualifying:
condition requiring 200 meters (656 feet) of overburden. - Area-4 contains-
approximately 607 hectares (1,500 acres) and also may have rock character-
istics similar to the other areas, but fewer data exist for this area.
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Portions of area 4 could also violate the disgualifying condition for
200 meters (656 feet) of overburden. Area 5 contains about 202 hectares
(500 acres), and area i contains 1,072 hectares (2,650 acres). Area 6 has a
very complex fault strocture with steeply dipping faults, end part of area 6
may not meet the 200~w~ter (656-foot) overburden requiremett,

The repository enselope 1is conservatively assumed to 1cquire 45 meters
(148 feet) (Mansure and Ortiz, 1984). Basic requirementt for the potential
host rock are the pregence of sufficlent overburden and » sufficient thick-~
nesg of suitable host rock to contain this envelope, Ma“s,re and Ortiz
(1984) show that the approximate thickness of the prefer. af host rock is on
the order of 100 to 175 meters (330 tc 575 feet) within a: -a 1. The over-
burden at Yucca Monntain, as discussed in Section 6.3.1.5 (3rosion), is more
than 300 meters (984 feet) over about 50 percent of area }. 1In area 1, the
thickness of rhe relatively lithophysae~free part of the densely welded
Topopah Spring Member varies greatly; however, it is expect:ad to be more than
adequate for locating the underground facility. '

To date, a value of 15 to 20 percent has been used tc differentiate be-
tween the lower portion of the Topopah Spring Member, which is relatively
free of lithophysae, and the upper portion, where lithophysae are more
abundant. At low percentages, lithophysae have little effect. At high per-
cantages lithophysae could change the thermomechanical properties of the
rock, possibly to the point that minability and ground-support requirements
may be affected. Although the preferred horizon 1is expected .to have less
than 15 to 20 percent lithophysae, this does not imply that the underground
facility must be placed in host rock with less than 15 to 20 percent
lithophysae, but only that host rock with lower lithophysae: content may be
préferable, The effect of lithophysae content on thermal properties of the
host rock will be investigated during site characterization.

Figure 6-25 shows a cross section, A-A', through area 1 and the possible
location of the underground facility. The preferred host ro¢k is near the
base of the unit marked Tpt. The basis for choosing this unit and other
horizons considered as potential repository horizons are discussed in
Chapter 2 and in Section 6.3.1.3 (Postclosure rock characteristics). In
locating a preliminary horizon that represents the underground-facility
volume, Mansure and Ortiz (1984) considered the dip and thickness of the host
rock, the lithophysal content, and cverburden requirements. The preliminary
choice of horizon, shown 1n Figure 6-25, may change during site
characterization. However, a single surface should be available that will
satisfy all current design criteria. The strike and dip of the underground
facility envelope (N 11° W, 5° E) will not result in grades too steep for
waste-~handling equipment. The strike and dip of the surface assumes a 5°
east slope and a 1° north slope. Data:gathered during site characterization
will be used to determine whether the lateral extent of the host rock 1s
sufficient to allow the position of the underground facility to be more
nedrly horizontal.

Conclusion
The potential host rock at Yucca Mountain 1s sufficiently thick to
provide significant vertical flexibility in the placement of the underground
facility. The primary repository area which has to date been the focus of
L o H i TR AR 0 SEEAUY B el LAt (L AL P S cive Eoecavie s TR SE T N T e
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exploration, provides limited lateral flexibility. Contiguous areas appear
to have some rock that may be suitable, but additional ewploration will be
necessary to claim sigvificant lateral flexibility. Therefore, the evidence
indicates that this fa orable condition 18 not present at Yucca Mountain,

(2) A host rock with characteristics that would requ’ce minimal
or no artificial support for underground openings tc trsure safe
repository comsgtruction, operation, and closure.

Evaluation

Artificial support for underground openings is routi: ly used to ensure
the stability of the openings and the safety of workers. The requirements
for such artificial suppors are estimated by engineering judgment, experlence
gained from excavating rock types with similar characteri.vics, and calcula-~
tions that simulate the expected rock behavior. The analyses and judgments
used to support the conclusions of this section were developed from available
core~property data, extrapolations based on rock-mess classification tech~
niques, finite-element analyses of the mined openings, and minability
assessments.

Techniques for classifying rock masses use compilations of existing
underground-support practice,; categorized according to parameters recognized
as important, to estimate the required support for undergrouand openings.
These techniques are extremely useful 1in the preliminary design or
feasibility stages of a project because they allow designers to make rational
and generally conservative judgments about expected conditions. The rocks of
the Topopah Spring Member have been assigned a range of rock-mass quality
values based on available core data, Two widely used classification
techniques were applied (Dravo Engineers, Inc., 1984): (1) the Council for
Sclentific and Industrial Research Classification System and (2) the Norges
Geotekniske Institute Classification System. The rock-mass classifications
derived from these two syatems cover a range of values. A conservative
approach to support design was taken by choosing conservative ranges for the
input parameters. Given the assumption of a 6-meter (20-foot) span and the
classification values, ground-support requirements can be estimated (Dravo
Engineers, Inc., 1984) for the full range of expected conditions. The
expected support requirements include (1) 2.5- to 3-meter (8- to 10-foot)
long fully grouted rock bolts on a l.5-meter (5-foot) grid spacing with steel
wire mesh covering the rock surface for safety; (2) possibly shorter supple-
mental bolts added on a staggered grid spacing; and (3) in some instances
5 to 7 centimeters (2 to 3 inches) of shotcrete applied to rock surfaces.

There is no direct experience with excavation support requirements in
the Topopah Spring Member at Yucca Mountain. However, these support require-
ments can be compared with experience in similar tuffs at the Nevada Test
Site (NTS). The geologists and engineers familiar with tunneling and ground-
support requirements for the welded Grouse Canyon Member at G-Tunnel at
Rainier Mesa have suggested that the support requirements for the welded
Topopah Spring Member at Yucca Mountain are likely to be similar (Ortego,
1985). The ground-support practice experience for the Grouse Canyon Member
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has been documented (Ortego, 1985), &and consists of 2.5~meter (8-foot) epoxy
grout—-anchored rock bcits on a 1 by 1.3 meter (3 by 4 foot) spacing, supple-
mented by wire mesh. <dor the section of the tunnel that ias been documented,
Ortego (1985) noted that this support practice has proven to be adequate to
date with no stability problems in the three years since iunnel construction.

The estimated giound-support requirements for a repns.tory at Yucca
Mountain are considered to be minimal in comparison with che ground support
used 1in similar uunderground construction projects. For (ivil works such as
tunnels, uuderground rail stations, and power plants, t1ie support require-
ments for excavatlon stability are designed with safet; factors that are
several times larger tnan would be used for a mine or tau sorary excavation.
Rock bolts and wire mesh are typically considered to be tue minimal support
for civil works projects, if for no reason other than wovker safety. Major
support requirements, such as steel sets or reinforced cuucrete, are not
expected to be required at Yucca Mountaln except perhape in special areas,
such as access ramps, shaft openings, and fault zomes., The use of rock
bolts, wire mesh and, in some instances, shotcrete sprayed on walls has the
advantage of easy malntenance over an extended time, further ensuring the
stability of mine openings through repository closure.

In estimating the support requirements for a repository, it is necessary
to consider variations in room size as well as the stresses and displacements
expected to result from the heat emitted by the waste., Variations in room
sizes directly affect the stresses around openings., Heat-related stresses
cauged by waste emplacement have been predicted by numerical-analysis
techniques. The preliminary analyses completed to date indicate that the
stresses and displacements that are expected to result from the heat emitted
by the waste would not lead to significant stability problems in the drifts
(Johnstone et al., 1984). Confidence in these analyses 18 based on mining
experience and field tests in similar devitrified, densely welded tuff in
G-Tunnel at Ralnler Mesa. A conservative design approach might, however,
include additional rock bolts along the drift walls to offset the expected
lateral expansion of the rock mass in response to the heat.

Long~-term stability considerations for excavations in tuff must also
include possible detrimental effects of the emplacement environment.on the
elements of the support system. For the emplacement drifts at Yucca Mountain
two such considerations could be important: temperature effects on the rock
bolt anchor system or shotcrete and corrosion effects on the rock bolts. The
temperature field induced by the waste disposal containers could affect the
stability of the epoxies that are used at the NTS to anchor rock bolts.
There are several approaches that could be used to deal with this situationm,
should it be 1ldentified as a problem affecting drift stability. One approach
would be to use an epoxy with a higher temperature service rating. Other
approaches include the use of a full-length-anchored-friction-driven, or
expanded bolts (such as Split Sets or Swellex) as well as cement-grouted
bolts (grouted dowel or Perfo) and cement-cartridge-anchored bolts developed
in Europe where epoxy—anchored bolts are not accepted as part of permanent
support. Temperature effects on shotcrete lining, if any are used, would be
manifested as strength reductions, particularly following a heating-and-
cooling cycle. Kendorskil et al. (1984) note that such strength reductions
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could exceed 25 percent at 205°C (400°F); they indicate, however, that proper
mixture and composition can minimize these effects, Any loss of strength in

the shotcrete can be c.mpensated for by an equivalent proportional increase

in thickness of the shoicrete.

Corroslon effects on the rock bolts are also a possible consideration in
long—-term suitability of the emplacement drifts at Yucca ‘wountain. A steel
rock bolt, 1f subject to condensation or exposure to watar vapor, could
corrode, Isogalvanic coated and hot zinc-galvanized rock ;0lts are standard,
of f~-the-shelf products designed to minimize corrosion. 7Tc¢ is not clear that
zinc-galvanized steel would prevent corrosion in the emp.acement environment
at Yucca Mountain; 1in fact, it could enhance corrison :hrough cathodic
behavior of the steel. However, other coatings such as n ckel, cadmium, or
epoxy would not be significantly more costly than zinc galvanizing and would
perform better in inhibiting corrosion. Corrosion is not always detrimental
to a bolt-type support system; the friction-anchored or expanded bolts become
more effective as the steel corrodes because corrosion effectively increases
the friction coefficient. Also, the cement-grouted bolt types are not very
sengitive to corrosicn, because their anchoring capacity 1s developed over
the full length of the bolt and the grout protects the st2el from corrosion.

Final decislons about elements to be used for the ground-support system

will comsider potential chemical interactions with the waste disposal
container components and waste form. Additional thermal and chemical

modeling and testing will be completed during site characterization to
support final decisions on ground-support requirements.

Conclusion

Excavation experience at. the NTS and numerical analyses of the stability
of repository-sized openings suggest that an underground facility in the
Topopah Spring Member at Yucca Mountain will require minimal artificial
ground support for safe construction, operation, and closure. Therefore, the
evidence indicates that this favorable condition is present at Yucca
Mountain.

6.3.3.2.4 Potentially adverse conditions

(1) A host rock that is suitable for repository construction,
operation, and closure, but is so thin or laterally restricted
that little flexibility is available for selecting the depth,
configuration, or location of an underground facility.

Evaluation

The requirements for host-rock thickness and lateral extent have been
discussed under favorable condition 1 in this section and under favorable
condition 1 of Section 6.3.1.3 (Postclosure rock characteristics). These
discussions noted that . most exploration has been limited to a portion of the
Yucca Mountain site that is designated as earea 1 in Figure 6~24. In most of
the usable portion of area 1, the thickness of the low lithophysal portion of
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the potential host rcck averages more than 3 times the vslue (45 meters or
148 feet) used as & conservative estimate of the envelope needed for the
underground facility. Such a thickness is Jjudged to provide significant
flexibility in selecting the depth of the repository.

The analyses further indicete that area ! has a usahle area of approxi-
mately 749 hectares {1,850 acres). Present waste Ilnvent:>ies and repcsitory
design concepts (Mansure and Ovtiz, 1984) indicate th¢t approximately
616 hectares (1,520 .cres) is required for a vrepository. (omparison of these
areas shows that the primary area contalns slightly mo. - usable area than
that required for a repository, but 1if conditions are fo:.nd to be unaccept-
able in some of this area, then flexibility in the lat ral placement of the
repository could be considered limited. Analysis of « 1sting site data
provides confldence that several contiguous areas (areas 2, 3, and 4 In
Figure 6-24) could also contain suitable host rocke. Area 2, the preferred
expansion area, contains 910 hectares (2,250 acres). The suitability of
these additional areas can be confirmed only by site charactaerization.

Conclusion

The host rock at Yucca Mountain 1s sufficiently thick to provide signif-
icant flexibility for selecting the depth of the undexground facility., The
primary area, which has been the focus of exploration, provides limited flex-
ibility in lateral placement, Site characterization may expand the usable
area, thereby allowing flexibility in lateral placement of the repository.
However, considering only the primary area, this potentially adverse
condition 1s present at Yucca Mountain.

(2) 1In situ characteristics and conditions that could require
engineering measures beyond reasonably available technology in
the congtruction of .the shafts and underground facility.

Evaluation

Detailed ground-stability studies indicate that the Topopah Spring
Member has no known in situ characteristics that cannot be successfully con-
trolled by proven mining methods. The rock characteristics, as well as the
design layout and development plan, are such that the underground facility
can be developed by conventional mining methods (Dravo Engineers Inc., 1984).
From the limited work done so far, it appears that mechanical mining could be
used for repository construction in the Topopah Spring Member.

As discussed under favorable condition 2, it is likely that the reposi-
tory drifts and underground openings can be adequately supported by conven-
tional rock bolts and wire mesh.  The discussions under potentially adverse
condition 5 describe tunneling experience in similar devitrified, densely
welded tuffs at Ralnier Mesa that support this conclusion. The rock-bolt and
wire~mesh support 1s minimal in comparison with the supports that are used in
civil works projects such as highway tunnels or underground power stations.
Steel, shotcrete, or both would be used at Yucca Mountain only 1f underground
observations suggest that such support 1s necessary possibly, for example, at
fault-zone intersections or drift intersections. The proposed ground support
is within established technology. (Dravo Engineers Inc., 1984). Shafts would.
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be conatructed by standard excavation techniques and lined with concrete
(Hustrulid, 1984).

Most of the repository would be located more than 200 meters (656 feet)
above the water table (Figure 6-26). Experience 1in tunn:ls at the Nevada
Test Site (NTS) indicates that, 1f perched water 1s encountered, the flow
will probably be small and should diminish rapidly. Dril. noles in and near
the site have not ide:itified perched water at elevations .bove the bagse of
the Topopah Spring Member (Section 6.3.1.1.3),

Conclusion

There are no indicatigns that the in situ condiriona #ad characteristics
would require engineering measures beyond reasonably avqilable technology.
The ghafts and undergroupd facillity can be constructed using proven
technology and standard.methods. Therefore, the evidencg indicates that
this potentially adverse condition is not pregent at Yucca ﬁountain.

(3) Geomechanical Aproper;iea that could- necessitate extensive

maintenance of the: unde:ground openings éuring reposito;y opera-

tion and clogure. ; i

Evaluation ; ' j
f ! ‘ A
The potential hoat rock is more than 200 ‘meters (656 ﬁeet) (see
Figure '6~19) below the ground surface. At this depth it wodld not be
affected by weathering or BUff&CL water. A rectangular undergbound openlng
with an arch-shaped roof 1s expected to provide a etable opening in the
Topopah Spring Member. Localized, minor spalling may occur near ‘corners and
on walls because of stress rellef or the intarsection of Jointe.? Johnstone
et al. (1984) noted that although modeling suggested that such fractures
could develop im G~tunnel,.none were, in fact, obgerved. As shown.in Figure
6-25, most major faults occur outside the planned repository boundgqries. As
discussed under potentially adverse condition 5, the experieuce in a similar
formation at Rainier Mega suggests that minor fault zones at the Yucca
Mountain site could be traversed by using standard mining and ground support
technology. However, considarable data from gite characterization are
required to confirm this conclusion. '

The shafts or access ramps of the repository will penetrate - the upper
members of the Paintbrush Tuff Formation. . A study using the Council for
Scientific and Industrial Research and the Norges Geotekniske Institute rock-
mass classification systems indicated several alternative schemes for
ground-support arrangements (Dravo Engineers,: Inc., 1984); all of these
arrangements use conventional techniques and equipment. The in situ con-
ditions are such that excavation stability can be maintained with con-
ventional rock bolts and wire mesh. This type of ground support requires
limited maintenance, and dry conditions in the repository will raduce cor-
rosion problems with the rock bolts or wire mesh and, in poor rock con-
ditions, shotcrete. The use of an' arched~roof opening would reduce stress . -
and lends stability to the rock mass, further reducing support-maintenance

¢ . requirements. Thus, snablemoondieionawshouldﬁeontinuemthroughunepooitoryrm,f

closure. Because of the long operating life of the repository (assumed to be
. N [ S i . . e
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Figure 6-26. Total thickness of unsaturated zone from disturbed zone (located
50 meters (164 feet) below repository midplane) to water table. Modified from
Sinnock et al. (1986).
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90 years), some maintenance of underground openings will be required. The
maintenance would be routine and well within the limits of exlsting practices
and technology. The :hermal stresses resulting from heating after waste
emplacement are not erpected to significantly affect the stablliity of the

mined openings, although some very localized deformation m’ght occur (Section
603.1.3).

Conclusion

The geomechanical behavior of the rocks at Yucca Moustain provides an
inherently stable condition that will not require exten: lva maintenance to
keep the underground openings in a serviceable condition *or the operating
life of the repository. Therefore, the evidence indica.es that this
potentially advers: condition 18 not present at Yucca Mountain.

(4) Potential for such phenomena as thermally induced
fracturing, the hydration and dehydration of mineral components,
or other physical, chemical, or radiation-related phenomena that
could lead to safety hazards or difficulty in retrieval during
repository operation.

Evaluation

Johnstone et al. (1984) have evaluated the stability of underground
openings in the densely welded tuff of the Topopah Spring Member, and the
response of the tuff to excavation and thermal effects. These preliminary
studies included near~field mechanical and thermomechanical finite-element
code calculations, rock-matrix property evaluation, and rock-mass
classification. They considered the physical, thermal, and mechanical
properties specific to the Topopah Spring Member; the existence of individual
sets of fractures; and the expected in situ stress. The results were com-
pared with the behavior of existing underground openings in similar
devitrified, densely welded tuff at the NTS. The results indicate that
(1) the mined openings are expected to remain stable through repository
closure, and (2) the effects of thermally induced fracturing are very local-
lzed, being limited to the immediate vicinity of the waste emplacement holes
and the periphery of the drifts.,

Preliminary estimates predict a potential for rock-matrix fracturing in
the immediate vicinity of the waste emplacement hole, but this fracturing
should extend no more than 10 centimeters (4 inches) into the rock. The
potential for block movement along minor joints or faults intersecting the
hole wall is currently under investigation., No structural degradation has
been observed 1in two small-diameter-~heater tests couducted in tuff at
-Tunnel (Zimmerman, 1983). The effect of localized sloughing of the hole
walls on waste retrievability could be minimized by using a steel liner in
the waste emplacement hole,

No minerals present in significant quantities in the repository horizon
are susceptible to thermally induced dehydration, hydration, or radiation-
related phenomena. Bish et al. (1984) summarize the distribution of minerals
in the tuffs at Yucca Mountain and state that about 98 percent of the pro-
posed repository host rock is made up of alkali feldspar, quartz, tridymite,
and cristobalite, which are not subject to thermally induced dehydration or
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hydration. The propnsed repository horilzon contains 1 percent or less of
smectite (Bish et al.. 1984) and 18 generally not zeolitized (Bish et al.,
1982). Thus, there i+ little potential for the hydration or dehydration of
minerals that could :%fect the safety of repository operation or cause
problems with waste rctrieval. Cristobalite exhibite an ﬁipﬁa—co~beta phase
transition between 235 and 260°C (455 and 500°F) in conf.:.ed tests (Lappin,
1980a), which is refl-icted by a slight increase in the i‘w:crmal expansion
coefficient. Becausr of the transformation temperature Lhis transition
would be expected only in the very near-field of the ‘ste disposal
container. The thermomechanical studies use thermal exnr:usion coefficients
that account for this behavior; they prediet no additi. nil rock fracture
beyond the 10 centimeters (4 inches) reported above.

Conclusion

The welded tuff at Yucca Mountain is a physically and chemically stable
rock that will be little affected by repository conditions. About 98 percent
of the potential host rock consists of alkali feldspar, quartz, tridymite,
and cristobalite, all of which are nonhydrous minerals. urrently, the rock
is fractured, and any additional thermally induced fracturing will be minor
and will not create a safety hazard or produce difficulty in waste retrieval,
should retrieval be necessary. Therefore, the evidence indicates that this
potentially adverse condition 1is not present at Yucca Mountain.

(5) Existing faults, shear zones, pressurized brine pockets,
dissolution effects, or other stratigraphic or structural
features that could compromise the safety of repository
personnel because of water inflow or construction problems.:

Evaluation

Artificial support for underground openings 1s routinely used to ensure
the stability of the openings and the safety of workers. The requirements
for such artificial support are estimated by engineering judgment, experience
galned from excavating rock types with similar characteristics, and calcula-
tions that simulate the expected rock behavior. The analyses and judgments
used to support the conclusions of this section were developed from available
core~property data, extrapolations based on rock-mass clagsification schemes,
finite-element analyses of the mined openings, and minability assessments.

The hydrogeologic conditiong of the region and site are described in
Section 6.3.1.1. Data on water levels in drill holes within and near the
site are shown on Figure 6-3. Naturally occurring perched water of any
significance have not been identified in existing drill holes, and no pres—
surized water zones have been encountered. Only very small amounts of water
are expected to seep into excavated drifts by gravity drainage.

Even though faults and associated shear zones exist at Yucca Mountain,
the preferred repository area 1s expected to be minable with standard
equipment (Dravo Engineers, Inc., 1984) (see favorable condition 2). Rock
with similar mechanical properties has been excavated at the G-Tunnel complex
in Rainier Mesa using comparable methods of excavation and ground control.
Tibbs (1985) has documented tunnellng experience in the welded Grouse Canyon
Member at G-Tunnel. A nearly vertical fsult with at least 1 meter (3 feet)

4
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cf vertical displacement was encountered during tumnneling activities in the
welded Grouse Canyon Memher in G-Tunnel. No comments were noted by the
mining inspector in his daily log; the lack of comments ilaudicates that
tunneling conditions had not varied appreciably. The fauli zone wasg not
noted until the tunnel had advanced about 6 meters (18 fect) beyond the
fault. The fault brought welded and nonwelded tuff togethe* along a nearly
vertical contact; no water influx was noted. The inspectiua record shows
that the area of the tuwmel with the fault was initially mi:.ed on November
19, 1981. Preliminary 2.5-meter (8-foot) rock bolts were : -stalled in the
faulted area on November 20, 1981, and then on February 1+ 1982, roughly

3 months later, S5-meter (l6~foot) resin-anchored hardening :ock bolts were
installed on a 1.3 by 1.3 meter (4 by 4 foot) pattern acro.& the back in the
area adjacent to the fault., There was no record that the %Yaulted area
produced ground-support problems, and no special bolting wus installed in the
area of the fault. The conclusion drawn by Tibbs (1983) 1s that the crossing
of the nearly vertical fault with at least 1 meter (3 fec:) of vertical
displacement did not result in the need for any special ground support in
excess of the standard methods used in the drift where no faulting occurred. .

Because there may be a need to expand the repository boundaries
laterally to increase flexibility (see favorable condition 1), Dravo
Engineers, Inc. (1984) has avaluated the potential for mining through the
faults and fault zones that bound parts of the primary repository area at
Yucca Mountain., Limited data show that the boundaries of the primary
repository area (area 1) could be traversed using standard mining and
support technology. However, considerable site characterization is required
to confirm this analysis. According to Dravo Engineers, Inc. (1984) and
confirmed by the Rainier Mesa tunneling experience described above, drifts
across the minor fault zonmes found within the primary area cail be excavated
without using unusual or unsafe construction practices. Increased ground
support could be provided in these areas, or in any areas with less stable
rock, to further reduce any potential hazard to workers.

Potential Hazards to Excavation Workers

To evaluate the potential hazards to excavation workers at Yucca
Mountain, excavation experience in the welded and nonwelded tuffs at the NTS
that have been used for weapouns-effect testing has been examined. The safety
records show that such excavations can be carried out with minimum adverse
effects on worker safety. The safety record can be quantified through the
use of Incidence rates for worker injury that were assoclated with time away
from work. To assess the relative level of safety for tunneling operations
at the NTS, the incidence rates for NTS operations can be compared to injury
incidence rates for similar mining operations. Such a comparison is
presented in Figure 6~27. The industry category that is most similar to
excavation conditions in the tuffs at NTS is the category of hard-rock metal
mining. The data presented in Figure 6~27 are based upon industry average
data compiled by the National Safety Council and data for NTS operations
compiled by Reynolds Electric and Engineering Co., the U.S. Department of
Energy contractor for excavation operations. The data presented in
Figure 6-27 clearly indicate a significantly better safety record for NTS
tunneling operations than 1s typical of industry practice. While the
industry average incidence rate 1s lower now than it was 20 years ago by a
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Figure 6-27. Incidence rate of injuries in tunneling operations at the
Nevada Test Site compared to industry averages for hard-rock metal mining.
Modified from Schueler (1985).



factor of about 2, NTS operational safety record is still lower than the
industry average by a factor of about 3. For the past 10 years, NTS practice
which heavily emphasizcs worker safety, has resulted in an average injury~
incidence rate of less than 1| injury per year per 100 employees,

There are several possible reasons for the difference between industry
average and observed NS incidence rates, One possible reixson is that safety
standards and enforcenent practice at the NTS are probably more stringent
than 1s typical of the mining industry. NTS practice i-corporates the
concepts of Mine Sufety and Health Administration, California Department of
Mines safety orders, and DOE Order 5480.1 on safety orde:s (DOE, 1981) and
uses the most stringent governing standards from these rejrlations. Another
possible reason 1s that whereas standard mining practice n iet be production
oriented tc be economical, the tunnels at the NTS are designed and con-
structed for long-term serviceability and stability., Yet another possible
reason is that mining operations typlcally deal with potentially unstable
ground conditions because of the emplacement mode of the minerals being
excavated. It is not possible to determine from the data in Figure 6~27 the
relative importance of these three possible reasons for the difference in
safety at the NTS as compared to the industry average. However, it is clear
that all or any of these reasons provide support for the conclusion that
tunneling in the varlous tuff formations at NTS, following existing NTS
practice, is significantly safer than hard-rock metal mining in the industry
as a whole,

Specific excavation experience in G-Tunnel at the NIS is of interest
because part of the G-Tunnel experience involves a welded tuff, the Grouse
Canyon Member, Engineers and geologists familiar with excavation in the
welded Grouse Canyon Member have expressed the opinion that the ground sup-
port that will be required in the Topopah Spring Member at Yucca Mountain is
likely to be similar to that required in the welded Grouse Canyon Member
(Ortego, 1985). Accldent experience at G- and N-Tunnels at the NTS for the
period between 1975 and 1985 is summarized by Dunnam (1985). Dunnam states
that none of the accidents ldentified in a search of tunnel records could be
considered to be caused by unstable ground, faulting, or other such geolog-~
lcally related conditions. He further observes that this is consistent with
his recollections of the period between approximately 1965 and 1985 for NTS
operational experience. The one accldent that involved the falling of a
plece of rock was the result of an oversight in barring down loose rock prior
to support installation. The accident report in question indicates that this
accldent probably would not have occurred 1f the correct NTS miniang practice
had been followed. It is important to note that the reported activities in
the welded Grouse Canyon Member involved tunneling through a fault zone with
1 meter (3 feet) of observed displacement (Tibbs, 1985).

Conclusion

Faults and shear zones that could compromise the safety of repository
personnel because of construction problems or water inflow are not expected
in the primary repository area at Yucca Mountain. The design and layout of
the underground facility will minimize contact with portions of the host rock
where minor faults and shear zones are identified. There is no indication
that pressurized brine pockets, evidence of dissolution, or significant
accumulations of water or toxlc gases are present in the repository horizon.



Hence, no other conditions that could compromise the safety of repasitory
personnel are expected. Safety records for excavation in tuffse at the NTS
show that such work :.as been carried out for more than 20 years with an
Incidence of injurier that 1s well below comparable industry averages.
Therefore, the evidence indicates that this potentially atlverse condition 1is
not present at Yucca «ountain.

6¢3¢3:.2.5 Disquailifying condition

The site shall be disqualified 1f the rock charactec stics are
such that the activities associated with repository uongtruc—
tion, operat.:.om, or closure are predicted to cause significant
risk to the health and safety of persgonnel, taking fnto account
mitigating measures that use reasonably available technology.

Evaluation

The current data base for the geoengineering properties of the potential
host rock consists of the results of laboratory tests on core samples from
Yucca Mountain and Rainier Mesa (Lappin, 1980a,b; Lappin et al., 1982; Price
et al., 1982a,b; Price, 1983). Rainier Mesa and Yucca Mountain are both com-
posed of layered volcanic rocks, and recent measurements on core samples from
densely welded tuffs from both sites indicate that the mechanical properties
of the rock matrix are similar; however, it should be noted that a large part
of G~Tunnel contalns nonwelded tuffs. Excavations in G-Tunnel beneath
Rainier Mesa and planned excavations at Yucca Mountain are similar with
regard to overburden loadings, opening dimensions, and excavation methods.
Because of these similarities, field observations, tests and experience 1in
G-Tunnel can be used to support decisions related to the safe construction,
operation, and closure of a repository at Yucca Mountain,

The 1in 8itu stress state affects the stability of openings. Stress
measurements from rock units below the water table at Yucca Mountain were
ugsed to calculate ratilos of vertical stress to the minimum horizontal stress.
The results show ratios of up to 3.1 (Healy et al., 1984), with a mean of 2.2
for 6 measurements and a standard deviation of 0.4. No reliable stress
measurements have been made on the unsaturated zone or on the potential host
rock. The stress ratios for tuffs in G-Tunnel have a mean of 2.7 and a
standard deviation of 1.3 for 67 measurements {(Tyler and Vollendorf, 1975;
Ellis and Ege, 1976; Warpinski et al., 1978). G~Tunnel is generally supported
only with rock bolts and wire mesh. In the more than 10 years of tunnel
operation, the stregses have not resulted in problems in opening stability,
even when augmented by severe ground motion from nuclear tests in the tunnel.

The selection of densely welded portions of the Topopah Spring Member as
the potential repository host rock was based in part on the average thermal
and mechanical properties defined for each of the four horizons that were
congidered (Tillerson and Nimick, 1984). Available data came from approxi-
mately 75 thermal conductivity tests, 95 thermal expansion tests, 35
mineraloglic and petrologic analyses, 60 mechanical tests on jointed rock
samples, and 120 tests of unconfined and 50 pressure-dependent mechanical
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properties tests. The average values for the thermal and mechanical
properties of the rock .n the Topopah Spring Member are given in Table 6-40.

Johnstone et al. {'984) used nonlinear, finite-element analyses of ther-
momechanical stresses, standard rock-mass classification syitems, and linear
calculations for mine design and pilllar sizing to evaluate the expected sta-
bility of openings. Threir preliminary results indicate that existing mining
technology can be used to develop stable underground openiuys that will allow
repository operations to be safely carried out from constr ction through
closure. The experience gained in G~Tunnel at Rainier Ye-:a on the Nevada
Test Site (NTS) supports this conclusion; it also indicat i that only minimal
support for the opening: (i.e., rock bolts and wire mesh) :nuld be required.
Minability assessrants (Tillerson and Nimick, 1984), alsu supported by
G-Tunnel experience, indicate that controlled blasting can be successafully
used to excavaie openings in the densely welded tuff.

The only other significant physical or chemical phencmena known to be
associated with rock characteristics are related to ventilation-system design
and worker safety., ‘7The temperature increases resulting from the:emplaced
waste are lmportant in designing ventilation systems and in selecting the
standoff distance between the drift and the emplaced waste. Excavations at
the NTS show that explosive or other hazardous gases are not to be expected.
The ventilation system primarily controls dust. Hazards associated with the
dust will be mitigated by supplying adequate flow volumes and filters to meet
safety requirements. Similarly, estimates of low-level radiation from the
naturally occurring radon released during rock excavation will be used in
establishing ventilation requirements. Techniques already implemented in the
uranium mining industry will be considered. The proper design and operation:
of a ventilation system based on current technology should readily mitigate
dust and radiation concerns.

Tunnel excavation experience in the welded and nonwelded tuffs -at the::
NTS has shown that such excavations can be carried out with minimum adverse
effects on the health and safety of workers. The NTS safeéety record was .
quantified and compared to safety records in a similar industry (hard-rock
metal mining) in Section 6.3.3.2.4. The incidence rate of injuries:at the
NTS is about a factor of 3 lower than the industry average for hard-rock
metal mining (Schueler, 1985).

Conclusion

Applicable laboratory data, field experience with similar excavations,
and thermomechanical stress calculations show that activities assoclated with
the construction, operation, or closure of a repository at Yucca Mountain
will not cause significant risk to the health and safety of:personnel.
Therefore, on the basis of the above evaluation, the evidence does not
support a finding that the site 1s disqualified (level 1).
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Table 6~40. Average thermal and mgchanical properties of the
‘ropopah Spring Member

Propexviy Yi:lue
Thermal conductivity {saturated), W/m-°C 1.8 + 0.4
Thermal conductivity (dry), W/m-°C 1€ 4 0.4

Predehydration.liqgar e4pansion
coefficient, 107 °/°C 10.7 + 1.7 (to 200°C)

Transition-denydragion linear expansion
coefficient, 10°%/°C 31.8 (to 300°C)

Postdehydration lipear expansion

coefficient, 10 °/°C 15.5 + 3.8 (:0!400%0).
Young's modulus, GPa S 26;7 + ”7;7rv'
Poisson's ratio 0.14 i..d«OS
Unconfined compressive sﬁ?gngth, ﬁPa‘ : 95.9 +.3540 .l
Matrix cohésion,-MPaq v Ce »%,‘ | -“-28;5- R N
Angle of intérnal fri;tio;; degrees | 26;6>
Matrix tensile strength, MPa . 12.8 + 3.5
Joint cohesion, MPa 1
Coefficient of friction for initiation of 0.8

sliding on joints

8pata from Tillerson and Nimick (1984).

6.3.3.2.6 Evaluation and conclusion for the qualifying condition on the
preclosure rock characteristics guldeline

Evaluation

The lateral and vertical extent of the potential repository host rock at
Yucca Mountain provides reasonable flexibility for the vertical placement of
the repository, and somewhat limited lateral flexibility for repository
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placement. Current vewository design concepts require 615 hectares
(1,520 acres), and the primary repository area contains 890 hectares
(2,200 acres) of which approximately 749 hectares (1,850 acres) are
considered potentially .sable. It may therefore be necessary to extend the
repository outside the primary area of Yucca Mountain. Cusvent information

indicates that standard mining and support technology woulc be adequate for
this expansion.

Previous experience and presently available data (ser {avorable condi-
tion 2) suggest that artificial-support requirements for 1 proposed excava-
tion would be minimal and would enable work to be perforwme+ without undue
hazard to personnel and at reasonable cost throughout the eatire repository
operations cycle, including retrieval, should retrieval be mnecessary., At
present, there 1is no evidence that the geomechanical pronzrties of the
Topopah Spring Member will respond to waste-—emitted heat In any way that
would lead to hazardous conditions in the repository that could affect worker
safety or preclude waste retrievability.

Conclusion

The lateral extent of the potential host rock is adequate, but it has
not been demonstrated to provide significant lateral flexibility for locating
the underground facility. There 18 reasonable flexibility for the vertical
positioning. Furthermore, informaticn obtained to date suggests that lateral
flexibility is 1likely to be demonstrated during site characterization.
Preliminary exploration activities have not identified any rock character-
istics that would cause undue hazardas to personnel. Repository siting,
construction, operation, and closure can be carried out with reasonably
available technology. Therefore, on the basis of the above evaluation, the
evidence does not support a finding that the site 18 not likely to meet the
qualifying condition for preclosure rock characteristics (level 3).

6.3¢3.2.7 Plans for site characterization

Site-characterization activities will supplement the existing data base,
both through exploratory borings, access to the proposed host rock, and addi-
tional laboratory tests. Construction phase tests will provide in situ
gtress data and shaft convergence data that will be used for design and lay~-
out of underground facilities. Large—~scale tests performed in the potential
repository host rock during the in situ phase of explorsatory shaft testing
will supplement the data base by providing information on the in situ rock
conditions as well as effects, such as fracturing caused by stress and
temperature. A large-scale heater test is planned to confirm the behavior of
the host rock in the very near field where the highest temperatures and
stresses will be induced. :
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6.3.3.3 Hydrology (i0 CFR 960,5-2~10)

6.3.3.3.,1 Intraductica
The qualifying cosdition for this guideline ia as for,ows:

The site shall b located such that the geohydrologic wsetting of
the site will (1} be compatible with those activitii -3 required
for repository construction, operation, and closure; “(2) not
compromise the intended functjons of the shaft lipe s and seals;
and (3) permit the requirements specified in

Section 960,5~1(a). 3) tao be met. <

The preclosure hydrology technlcal guideline 19 concerned with surface
and subsurface water that could affect repository surface and underground
facilities during construction, operation, and closure. Hurface waters have
the potential for flooding the underground facility, acwuess ramps, and
shafts; they could also affect the ease and cost of constructing and operat-
ing the surface and support facilitles, including transportation access
routes.

Water will be required for the construction, operation, closure, and
decommigsioning of the repesitory.. .The gubsurface hydrologic conditions will
have a bearing on the cost and'safety of construction, operation, closure,
and decommissioning. Subsurface water must not compromise the intended
functions of the shaft linaers.and seals. This guideline relies on technical
information similar ta chatfeupporting the guideline on geohydrology (Saection
6.3.1.1), , i , :

This guideline consistswof thnee favorable conditions, one potentially
adverse condition, one disqualifying. condition, and one qualdifying condition.
The evaluations reported below are summarized 1in Table 6-41 for all
conditions except the disqualifying condition,

6+3¢3i3.2 Data relevant to .the evaluation

Waterﬁtable altitudes at wells near the potencial repository site range
from about 730 meters (2,400 feet) along the eastern edge to about 780 meters
(2,600 feet) near the northwestern edge, along the ridge crest of Yucca
Mountain (Robison, 1984).. Hydrologic test holez near Yucca, Mountain have
been tested at ylelds ranging from about 6 x 10 to 4 x 10 ° cubic meters
per second (10 to 600.gallons per minute) (Waddell et al,, 1984). Well J~13
has intermittently ' produced: more : than 0,04 cublc meters per second
(600 gallons per minute).bhetween: 1962 and 1983 with no effect on waCerwtable
altitude (Thordarson, 1983).

Competing requirements for ground water have been considered. Surface
water has not been considered for repository or domestic use, because it is
not generally available in this arid region. Well J-]13 and the proposed
location of repository surface facilities are at the Nevada Test Site., If
Yucca Mountain is selected for repository development, a permanent land
withdrawal will be necessary, and a reservation of water rights is explicit
in the withdrawal (Section 6.2.1.3). Estimates of water withdrawals and
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Table 6-41. Summary of analyses for Section 6.3.3.3; hydrology (10 CFR 960.5-2-10)

Condition

Department of Energy (DOE) finding

FAVORABLE CONDITIONS

(1) Absenc: .Y aguifers between the host rock and

the land surface.

(2) Absence of surface—water systems that could
potentially cause flooding of the repository.

(3) Availability of the water required for repos-
itory construction, operation, and .closure.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the host rock is
above the water table.

The evidence indicates that this favorable condition
is not preseant at Yucca Mountain: there are no
perennial stream channels that could potentially
flood the repository; however, rare extreme storms
could result in flooding of the repository surface
mNOﬁan% and access routes due to sheet flow.

The evidence indicates that this favorable condition
is. vnmmmnn at Yucca Mountain: sufficient ground
water is expected to be available from nearby amwum.

'POTENTIALLY ADVERSE CONDITION

Ground-water noumwnwonm ﬁwmﬁ could Hmﬁﬁumw nosbuwx
engineering meas-'res that are beyond reasonably
available technology for repository construction,
operation, and closure. ;

The evidence indicates that this cOnmoanuH% mm<mnmm
condition is not present at Yucca Mountain: the
potential repository is above the water table and no
significant awmounts of ground water are expected;
shafts and boreholes are expected to be adequately
sealed with available technology.
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Table 6-41. Summary of analyses for Section 6.3.3.3; hydrology (10 CFR 960.5-2-10} (continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

The sit- =hai! ne located such that the gechydro-
logic setting of the site will (1) be compatible
with those activities required for repository con-
struction, operation, and closure; (2) not compro-—
mise the intended functions of the shaft liners
and seals; and (3) permit the requirements speci-
fied in Section 960.5-1(a)(3) to be met.

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi-
tion (level 3): host rock is above the water table;
wells are expected to provide adequate water supply;
there are no surface-water systems that could flood

the repository or compromise shaft liners and seals;
and transient runoff will be adequately handled with
routine drainage control measures.
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consumption by countiss and hydrographic regions are included in a series of
water planning reports by the Office of the State Enginecer (1971, 1974).
These estimates provid: a basis for projecting future water requirements in
Nevada. Water requircments for the construction, operation, closure, and
decommissioning of the repository have been estimated on tle basis of the
preliminary conceptual designs. The average annual consuction of water for
a 32-year period of repository construction and operation ‘o estimated to be
about 432,000 cubic muters (350 acsre-feet) (Morales, 1985 .

Squires and Young (1984) have made predictions for 170-year, 5Q0-year,
and regional maximum floods; these predictions, describe {2 Section 6.3.3.1,
have been used in estirating the potential for flooding & rface and under-
ground facilities.  Fernandez and Freshley (1984) evaluat»d the need for
shaft liners and seals. Data on ground-water conditions sthat are routinely
encountered and managed with available technology in mises 18 given by
Loofbourow (1973).

Assumptions and data uncertainties

The altitude and configuration of the water table in the Yucca Mountain
area are known relatively well because numerous boreholes penetrate the water
table, and water levels have been measured precisely (Robison, 1984).
However, few moisture-content values or other hydraulic properties have been
measured in the unsaturated zone, whose characteristics are therefore less
certain. There 18 uncertainty about the moisture distribution in the
unsaturated zone, which could affect sealing concepts. The occurrence of
perched-water zones at Yucca Mountain was considered in the sealing-~concepts
study (Fernandez and Freshley, 1984), but as explained in Section 6.3.1.1,
its likelihood 1s very low.

Uncertainty regarding flooding potential is discussed in Section 6.3.3.1
(Surface characteristics)., The analysis of surface-water systems (favorable
condition 2) is covered in Section 6.3.3.1.

Estimates of water use during repository construction, operation,
closure, and decommissioning are conservative. The effects of increased
ground-water withdrawal on regional ground-water supplies have some uncer-
tainty but are considered negligible. Even if the estimates for repository
activities were doubled, the effect on the available water at Yucca Mountain
would be negligible. - = :

6e3:3.343 Favorable.conditidns
TSR
(1) Absence of aquifers between the host rock and the land
surface. i N

Evaluation

There are no aquifers between the host rock and the land surface. The
potential repository horizon 1is located in the unsaturated:zone, 200 to
400 meters (650 to 1,300 feet) above the water table (Figure 6-2) (Robison,
1984). Even 1f the basal vitrophyre of the Topopah Spring Member were
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included in the repository, the water table still would be over 150 meters
(330 feet) below the :ezpository.

There 18 the poiential for perched-water zones betwesn the host rock and
the land surface. However, it 1s unlikely that large perched zones occur
because they have not been encountered in drill holes to jate (over 30 drill
holes have been complaeted within approximately 10 kilomer:re (6 milea) of the
site).,

Conclusion

The potential hosi rock isg above tha water table at ‘ucca Mountain and
there are no aquirers between it and the overlying land surface. Therefore,
the evidence indicates that this favorable condition 1s present at Yucca
Mountain, .

(2) Absgence of surface~water systems that could potenrially cause
flooding of the repository.

Evaluation

The reference surface facility location 1s located entirely outside of
the main-channel flood zones predicted for the 100~year flood in the Forty-
mile Wash drainage system (Squires and Young, 1984). Some portions of the
surface facilities may be in areas that could be affected by the 500~year 'and
regional maximum floods predicted by Squires and Young (1984). A study will:
be conducted during site «haracterization to determine the probable maximum
flood (PMF) in the vicinity of the site.

The washes on, and draining away from, Yucca Mountain have generally
steep slopes and during extreme precipitation events are capable of moving
large volumes of water and debris including boulders. Structures and shafts
will be located to avold such large volumes of water and debris. 1In
addition, standard drainage~control measures, such as channel lining and flow
diversion, will be used where needed, For additional information, see
Section 6.3.3.1.

Conclusion

Surface-water drainage through the arroyo systems feeding Fortymile Wash
presents a potential for localized flash flooding and sheet flow during
extreme storm events. Some portion of the surface facilities might be
located in areas that could be affected by the probable maximum flood (PMF).
Therefore, the evidence indicates that this favorable condition 1s not pre-
sent at Yucca Mountain.

(3) Availability of the water required for repository
construction, operation, and closure.

Evaluation

Estimates of water needed for repository construction and operation are:
given in Chapter 5. The average annual consumption for a 32-year period of
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construction and opere;ion 1s estimated to be approximately 432,000 cubic
meters (350 acre~feet) (Morales, 1985).

Hydrologic test ¥>le54nenr Yucca:yountain have been tested at ylelds
ranging from about 6 % 10 to 4 x 10 © cublc metars per :acond (10 to 600
gallons per mlnute) (+vaddell et al,, 1984)., Well J-13 (Eixure 6~2), which
supplies some local wiuter needs in the southwestern part = f the Nevada Test
Site has yielded as much as 0.04 cublc meters per secon¢ (600 gallons per
minute) during pumping tests (Thordarson, 1983), Pump:n; has lowered the
water level in the well only slightly, and effects on t. e regional ground-
water system are probally negligible. The static wate:r ‘evel was 728.8
meters (2,391 feetr) shortly after the well was drilled In 1962; 18 years
later, after long periods of intermittent pumping, the water level was
esgsentially the same, 728.9 meters (2,391 feet) (Thordarson, 1983). The
excellent production capabilities of Well J~13, combined with the equally
good production from the deep reglonal aquifers under Yucca Mountain (Section
3.3), suggest that sufficient quantities of water can be produced with
negligible lowering of the regional ground-water table. Estimates of other
ground-water withdrawals in the region are included in reports of the Office
of the State Engineer (1971 to 1974), e

Conclusion . St

The ground-water supplies avallable from nearby wells will be sufficient
to satisfy all requirements during the repository life cycle. Therefore, the
evidence indicates that this favorable condition 18 present at Yucca
Mountain.

6.3.3.3.4 Potentially adverse condition

Ground-water conditions. that could require complex engineering
measures that are beyond reasonably available technology for .
repository counstruction, operation, and closure,

Evaluatlon

Because the potential repository at Yucca Mountain would be located
entirely within the unsaturated zone, no significant amounts .of ground water
will be encountered in the underground workings. Furthermore, tunnels in. .
tuffs below Rainler Mesa at the Nevada Test Site are in an area of greater
surface recharge and probably of greater moisture flux in the unsaturated
zone than in the proposed repository horizon at Yucca Mountain, Inasgmuch as .
extraordinary mining techniques have not been required at Rainier Mesa, none
are expected to be neaded at Yucca Mountain.

Substantially more severe ground-water coaditfons than those expected at
Yucca Mountain are routinely encountered and dealt with in mines (Loofbourow,
1973);, therefore, no engineering measures beyond those presently availlable
are likely to be needed. This expectation is based largely on experience.
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A study has been made to determine the effects of the unsaturated zone
environment on shaft :iners and seals. The sealing concepts developed to
date are based on datn obtained from boreholes, Preliminary calculations of
seal performance were based on a conceptual understanding of the hydrogeology
and supplemented by information from comparable tuff serp:ences at Rainler
Mesa. Should sealing be required, relatively simple ani straightforward
solutions are proposed (Fernandez and Freshley, 1984). Thuse include filling
drifts and ramps with coarse~grained material, using dra’ . where water seeps
are encountered, and using grout if more massive flows ocaur., For sealing
borehole USW G~4 (the principal borehole for the explor story shaft), which
penetrates the proposer repository horizon, the use of u#2:lite fill, slurry,
or grout seals 1s proposed. The same treatment would be used for nearby
boreholes that penetrate the repository horizon or the underlying tuffaceous
beds of Calico Hills,

Conclusion

The proposed repository at Yucca Mountain is entirely within the unsatu-
rated zone, and no significant amounts of ground water are likely to be en~
countered in the underground workings. The ground-water conditions at Yucca
Mountain will not require complex engineering measures. Sealing of shafts
and boreholes is not expected to present any problems. Therefore, the
evidence indicates that this potentially adverse condition is not present at
Yucca Mountain,

6.3.3.3.5 Disqualifying condition

A site shall be disqualified 1f, based on expected ground-water
conditions, it is likely that engineering measures that are beyond
reasonably available technology will be required for exploratory
shaft construction or for repository construction, operatioun, or
closure.

Evaluation

The repository at Yucca Mountain would be located 200 to 400 meters

(650 to 1,300 feet) above the water table. The evidence collected to date
from boreholes indicates a very low potential for encountering significant
quantities of perched water during exploratory shaft or repository
construction. Because the potential host rock 18 highly fractured, perched-
water zones are not likely to be extensive, and if encountered, the water
would quickly drain away. Mines are routinely excavated in environments that
are much more severe than those expected at Yucca Mountain. Current engi-
neering and technology are more than adequate to handle the hydrologic con-
ditions that are likely to be encountered during the construction of the
exploratory shaft or during repository construction, operation, and closure.

Conclusion
It is highly unlikely that significant amounts of ground water will be

encountered during the counstruction of the exploratory shaft and during
repository construction, operation, and closure, Currently available
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engineering measures «re considered more than adequate to guarantee that no

disruption of construction and operation will occur because of ground-water

conditions at Yucca Muantain. Therefore, evidence does nct support a finding
that the site is disqualified (level 1).

6.3.3.3.6 Evaluatioo and conclusion for the qualifying ¢ adition on the
preclosure hydrology guildeline

Evaluation

The known cciditions at Yucca Mountain indicate a bunign hydrologic
situation with respect to construction, operation, and closure of a
repository: che potential host rock is above the water :able; nearby wells
will provide adequate water for construction, operation, &nd closure; and no
engineering measures beyond those presently available wiil be required by
ground~water conditicns. Because of the unsaturated conditions, sealing of
drifts is probably unnecessary, and routine sealing methnds are expected to
be adequate for sealing shafts and boreholes. Although portiocns of the
surface facilities may be located on a 500-year floodplain or within the
region affected by the probable maximum flood, existing technology and
standard drainage control measures are likely to provide adequate protfection.
Surface or underground facilities are unlikely to be inundated because of the
small volume and transient nature of the sheet flow and flash floods that are
typical of arid climatic settings like Yucca Mountain.

Conclusion

The unsaturated zone at Yucca Mountain appears to provide a favorable
hydrologic environment for underground facilities, offering no currently
recognized conditions that would require complex technology or costly
engineering measures. Reasonable drainage control measures will provide
adequate protection against sheet flow and flash flooding, and adequate
sealing techniques are available., The needed amounts of potable water are
available to supply projected repository requirements without affecting
regional availability. Therefore, the evidence does not. support a finding
that the site is not likely to meet the qualifying condition for preclosure
hydrology (level 3).

6.3.3.3.7 Plans for site characterization

Flood studies will be conducted to provide information on flash-flood
potential at the site and to assist in determining potential locations for
repository surface facilitles. Tests to verify the behavior of shaft and
borehole seals will also be conducted. Additional information about
subsurface hydrologic conditions will be obtained during exploratory shaft
construction and in situ testing within the potential host rock. Further
analyses will be made of the possible impacts of water withdrawal for
repository activities on local and regional ground-water systems.
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6.3.3.4 Tectonics (10 CFR 960.5-2~11)

6+3.3.4.1 Introductiorn
The qualifying condition for cthis guideline 1s as foliows:

The site shall b. located in a geologic setting in which any pro-
jected effects of expected tectonic phenomena or ign- sus activity
on repository construction, operation, or closure wilr be such that
the requirements specified in Section 960.5~-1(a)(3) cun be met.

The objective of this guideline 1is to ensure that a ::zpository site is
in a geologic setting in which any projected effects of expected tectonic
phenomena or igneous activity will be such that no unreasoansble or unfeasible
design features are required. The concerns to be addressed under this guide-
line are ground motion or ground disruption that might cause damage to
repository or tramsportatlon facilities, injury to personnel, or the inter-
ruption of repository operations, including retrievabilitv.

The guideline consists of one favorable condition, three potentially

adverse conditions, one disqualifying condition, and one qualifying
condition. The evaluations reported below are summarized in Table 6-42.

6.3.3.4.2 Data relevant tc the evaluation

Summary of avallable data

Most of the data relevanti. to preclosure tectonics are cited in Sec-
tion 6.3.1.7 (Postclosure tectonics). Information of special interest for
the preclosure period includes an overview (Reiter and Jackscn, 1983) of a
study by the Nuclear Regulatory Commission (NRC, 1985) about probabilistic
evaluations of seismic hazards. Reviews of the impacts of earthquakes on
underground facilities have been prepared by Pratt et al. (1978, 1979),
Carpenter and Chung (1985), Jackson (1985b), and Owen et al. (1980), and a
final report from a workshop on ground motion and tectonics issues at the
Yucca Mountain site is available (SAIC, 1986).

A number of sources were used to provide a basis for estimating the
feasibility of constructing and operating a repository under possible earth-
quake ground motion and displacement. Doser (1985) estimated the minimum
magnitudes at which surface fault rupture 1is likely in the Great Basin.
Jackson (1985a) reviewed the seismic design bases for other nuclear
facilities. Meehan (198%4), Merritt et al. (1985) and Reed et al., (1979)
discuss designs that have been developed to accommodate fault displacements
beneath structures. Brown et al. (1981), Owen and Scholl (1981), and DOL
(1972) discuss designs that have been employed where tunnels and pipelines
cross active faults. The performance of facilities that were designed to
accommodate and have experienced strong ground motion or fault movement is
reviewed by Zeevaert '‘and Newmark (1956), Rosenblueth (1960), ENR (1985a,b),
Murphy (1973), Meehan, et al. (1973), Stratta et al. (1%77), and Yanev
(1978). Attenuation relationships for ground motion have been computed by
Joyner and Boore (1981) and Campbell (1981).
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Table 6-42. Summary of analyses for Section 6.3.3.4; preclosure tectonics (10 CFR 960.5-2-11)

Conditicn

Department of Energy (DOE) finding

FAVORABLE CONDITION

The zature zad vsates of faulting, if any, within
the ge.L.gic setting are such that the magnitude
and intensity of the associated seismicity are
significantly less than those generally allowable
for the construction and operation of nuclear
facilities.

The evidence indicates that this favorable condition
is not present at Yucca Mountain: the predicted
magnitude and intensity of seismicity are expected
to be acceptable but not expected to be signifi-
cantly less than those generally allowable for the
construction and operation of nuclear reactors.

POTENTIALLY ADVERSE CONDITIGNS

(1) Evidence of active faulting within the geo~
logic setting.

(2) Historical earthquakes or vumn man—induced
seismicity that, if either were to recur,
could produce mno:am motion at the site in
excess of reasonable design limits.

(3) Evidence, based on correlations of earth-
quakes with tectonic processes and features
(e.g., faults) within the geologic setting,
that the magnitude of earthquakes at the site
during repository construction, operation,
and closure may be larger than predicted from
historical seismicity.

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: evidence of
active faulting and ground-surface aumvumomsmsn is
found within the mmoHommn setting.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: ‘his-
torical earthquakes ot past man~induced seismicity
are not expected to cause ground motion at the site
that would exceed reasonabie design limits.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: no
evidence exists to suggest that earthquakes larger
than those predicted from historical seismicity
could occur during repository construction, opera-
tion, and closure.
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Table 6-42. Summary of analyses for Section 6.3.3.4; preclosure tectonics (10 CFR 960.5-2-11)

(continued)

Condition

Department of Energy (DOE) finding

'QUALIFYING CONDITION

The site shal? "o located in a geologic setting in
which any projected effects of expected tectonic
or igneous activity on repository construction,
operation, or closure will be such that the re-
quirements specified in Section 960.5-1(a)(3) cam
be met.

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): tectonics-induced ground
motion at the site is expected to be within reason—-
able design limits for a nuclear facility; there is
about a 1 chance in 10,000 for igneous activity over
a 10,000-year period. The projected effects of
either tectonic or igneous activity in a 90-year
period of repository construction, operation, and
closure are not likely to be significant.
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Asgsumptions and data un-ertainties

The principal assumption made in predicting the tectonism of the region
during the preclosure period (assumed to be 90 years) is “nat the present
nature and rate of tectonic processes, as represented by che historical
record, will continue into the near future. The major uncowvtainties in data
are attributable to two factors: the historical record +° earthquakes in
Nevada 1s relatively brief, and the regional instrumented - ismic network at
Yucca Mountain has been operating only since 1978, Othe: ey uncertainties
are related to estimating the surface accelerations, \=2iccities, and
displacements likely to result from an earthquake of a giv'a magnitude at a
specified distance from a surface facility, The relaticiship between
earthquake magnitude and fault length may be different for different types of
faults (e.g., normal, oblique, and strike-slip) (Bonilla et al., 1984),
making this link tenuous for purposes of earthquake prediction and hazard
assessment. Uncertainties are also associated with (1) precise definition of
seismogenic zones; (2; statistics of the seismic sources within the zones;
and (3) appropriateness of attenuation relationships.

6.3.3:4.3 Favorable condition

The nature and rates of faulting, 1f any, within the geologic
setting are such that the magnitude and intensity of the associated
seismicity are significantly less than those generally allowable
for the construction and operation of nuclear facllities.

Evaluation

Investigations to date covering & 1,100 square~kilometer (425 square-
mile) area around the site have found 32 faults that offset or fracture
Quaternary deposits. Quaternary faults have been divided into 3 broad age
groups: 5 faults last moved between about 270,000 and 40,000 yeaxrs ago;

4 faults last moved about 1 million years ago; and 23 faults last moved
probably between 2 million years and more than 1.2 million years ago
(Swadley et al., 1984). Recurrence intervals that have been published for
major earthquakes in the region are reviewed in Section 6.3.1.7.5 and
summarized in Section 6.3.3.4.5. The historical earthquake record prior to
1978 shows that, within about 10 kilometers (6 miles) of Yucca Mountain,
there were 7 earthquakes; 2 had Richter magnitudes of M = 3,6 and M = 3.4;
magnitudes were not reported for the remaining 5 earthquakes. They were
apparently very small or had magnitudes that could not be determined due to
instrument problems. Prior to 1978, however, standard errors of most
locations were + 7 kilometers (+ 4,2 miles) or more. A local seismic network
with significantly increased detection and location capability has recorded 3
microearthquakes in the same area between August 1978 and the end of 1983.
The largest magnitude was approximately M = 2.0 on the Richter scale (Rogers,
1986).

The peak historic acceleration at a location 20 kilometers (12 miles)
east of Yucca Mountain was estimated to be less than 0.lg (Rogers et al.,
1977). Using similar methods, the seismic hazard for Yucca Mountain was
estimated under the assumption that Yucca Mountain faults are not active.
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The U.S. Geological S.rvey deterministically estimated that the most likely
peak acceleration at jucca Mountain would be approximately 0.4g (USGS, 1984).
This acceleration wan aestimated to result from a full length fault rupture
(length, 17 kilometers (11 miles), magnitude 6.8) on the Bire Mountain Fault,
which is 14 kilometexrs (9 miles) west of the Yucca Mount.in site. Alter-
native probabilistic ypotheses (USGS, 1984), formulated :u the basis of his~
torical rates of sgelumicity in surrounding regions, and assumptions that
earthquakes can oqcur anywhere in the region including Y. cca Mountain, have
resulted in estimates that 0.4g has a return period on ti: order of 900 to
30,000 years, The range of return periods are derived ‘iom the use of two
different models for tie relationship between maximum ac: leration and return
period. The probability that 0.4g will be exceeded in 90 years, the assumed
duration of the preclosure period, under these hypotheses Ls estimated to be
between 0.003 and 0.1 (USGS, 1984). The probabilistic vesults discussed by
Rogers et al. (1977) and USGS (1984) demonstrate that large uncertainties
exist in the evaluation of seismic hazard. Different assumptions regarding
the appropriate recurrence model, attenuation relationships, and the identi-
fication of specific faults as seismic sources can result in widely different
estimates of surface acceleration for a given probability. At this time, it
is premature to place much confidence in these estimates, other than using
them to provide insight until a more complete assessment can be made of the
various input parameters that are required for a probabilistic seismic hazard
analysis. The estimates by USGS (1984) are in reasonable agreement with
previocusly published estimates of recurrence intervals for major earthquakes
in the region surrounding the Nevada Test Site (NTS) which are on the order
of 25,000 years for M > 7. and 2,500 years for M > 6. Recurrence intervals
estimated for M > 7 earthquakes for the region ‘south and east of Yucca
Mountain are 1onger than those for the NTS region by about a factor of 7.
Until detailed fault studies are completed, it will not be possible ‘to:
determine which of the recurrence intervals are most appropriate for the
faults vear Yucca Mountain : (see Section 6.3.1.7.5).

There are no present intentions to use the same seismic design pro-~
cedures for waste repositories as have been required for nuclear power
plants. The Nuclear Regulatory Commission (NRC) has indicated that no
seismic requirements have yet been established for nuclear repositories
(NRC, 1985). They note that all repository structures, systems, and
components important to safety will be reviewed to establish appropriate
design requirements, and that all requirements will be developed to ensure
compliance with 10 CFR Part 60 (1983) and 40 CFR Part 191 (1985). However,
in order to establish a consistent interpretation of this favorable
condition, seismic design values for commercial nuclear power plants that
have been licensed by the NRC were examined (Jackson, 1985a). Because most
nuclear plants have been built in the east where peak acceleration estimates
are low, this compilation shows that about 90 perceant of reactors have a safe
shutdown earthquake .acceleration wvalue that is equal to or less. than 0.20g. .
It should be noted that design-1imits of 0.75g:and 0.67g for plants licensed
in areas of high seismic activity have been accepted (Jackson, 1985a).

A description of the approach to be used in establishing the appropriate
selsmic design requirements for:a.repository at Yucca Mountain:is outlined in
Section 6.34344.5. Using this approach, the seismogenic potential .of faults
in the area will be established, and the appropriate seismic. design ivalues:
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will be determined. %ecause the only acceleration estimate presently avail-
able 1s for a fault t*at is not at or near the asite, a ccaservative position
on this favorable cor ition is appropriate for the Yucca Mountain site.

Conclusion

Preliminary detcrministic estimates of the ground +ction that could
result from the larsest earthquake assoclated with a r.tentlially active
fault, 14 kilometers (9 miles) west of the Yucca Mounti v site, predict a
peck ground acceleration of about 0.4g. Acceleration ~s'imates for ground
motion resulting from earthquakes on potentially actl e faults that are
closer to the Yucca Mruntailn site are not available. # th the assumpticn
that 0,20g is th~ peak acceleration that is generally aliowable for nuclear
facilities, the probable peak acceleration that will be determined for the
Yucca Mountain site 1is not likely to be significantly cmallexr than 0.20g.-
Therefore, the evidence indicates that this favorable coundition 1is not
present at Yucca Mountain, :

R : oy Tty L
6.3.3.4.4 Potentially adverse conditions

(1) Evidence of active faulting within the geologic setting.

Evaluation

There 1is geologic evidence of Quaternary faulting in the regional
geologic setting of Yucca Mountain. . Fault scarps,. nearly all small and
conslderably eroded,. are, present within the region (Carr, 1984). The area.
has been mapped and studied in sufficient detall to render it uplikely that
important fault scarps are updetected. .No confirmed. surface displacement
younger than 40,000 years had been demonstrated at or near Yucca Mountain at
the time of publication of Swadley-et al. (1984). New data, available in the
form of preliminary thermoluminescence dates, may indicate on the order of
1 to 10 centimeters of fault displacement in the eastern Crater Flat area
more recently than abeout 6,000 years ago (Dudley, 1985) (see also Section
6.3.1.7.4, potentially adverse condition l). Thermoluminescence 1s a dating
technique that has been. used in archaeology,. but has not yet been shown to
provide reliable dates in geologic applications.

Thirty-two faults within a 1,100 square-kilometer (425 square-mile) area
around the site offset or fracture Quaternary deposits. Five faults are
thought to have last moved ‘between -about 270,000 and 40,000 years ago; 4
faults last moved about 1 million years ago; and 23 faults are thought to
have last moved between 1 and 2 million years ago (Swadley et al., 1984).
Published data on estimates of recurrence ilntervals for major earthquakes in
the Basin and Range Province are compiled in Section 6.3,1.7.5, For the
Nevada Test Site (NTS) region, the recurrence interval for M > 7 earthquakes
appears to be on the order of 25,000 years, and the average for the area
north of the NTS appears to be -on the order of 7,000 to 10,000 years. For
M > 6, the recurrence interval .is reported to be on the order of 2,500 years
for the NTS region. It should be noted that wide variability results from

using different asgumptions .and, xegions in the estimation: of recurrence
intervals.
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Within about 10 kilometers (6 miles) of Yucca Mountain, historical
geismic records befcre 1978 show that 7 earthquakes werve recorded; of these,
2 had magnitudes of M = 3.6 and M = 3,4; magnitudes were not reported for the
remaining 5 earthqu-kes. They were apparently very smsll, or had magnitudes
that could not be (atermined due to instrument problevs, A local seismic
network with significantly increased detection and lociiion capability has
recorded 3 microear.hquakes in the same area between Auiusgt 1978 and the end

of 1983. The largest magnitude (ML), was approximatel: M = 2 on the Richter
scale (Rogers, 1986).

Conclus{gﬂ

During the Quaternary Period, faulting occurred within 10 kilometers
(6 miles) of Yucca Mountain. Historical seismic records and recent

seismicity at and near the site indicate that faulting is an ongoing process
within the geologlc setting. Therefore, the evidence 1indicates that this
potentially adverse condition is present at Yucca Mountain.

(2) Historical earthquakes or past man-induced se‘smicity that, 1f
either were to recur, could produce ground motion at the site in
excess of reasonable design limits.

Evaluation

Calculations for the maximum acceleration expected at Yucca Mountain
from ground motion induced by underground nuclear explosions at the NTS give
a mean acceleration of 0.06lg and a mean plus 3 standard deviations of 0.32g
(Section 6.2.1.5)., As discussed in the evaluation of the favorable condition
under this guideline, the peak historical acceleration from a natural earth-
quake at a location 20 kilometers (12 miles) east of Yucca Mountain was
estimated tc be less than 0.1g (Rogers et al., 1977).

Two earthquakes with a magnitude of M = 6 have occurred within about
200 kilometers (125 miles) of Yucca Mountain: one occurred in 1908, 110 kilo-
meters (68 miles) southwest of Yucca Mountain, and one occurred in 1966,
about 210 kilometers (130 miles) to the northeast (USGS, 1984). If these
earthquakes recurred, they would not be large enough or close enough to Yucca
Mountain to produce ground motion requiring designs in excess of reasonably
available technology.

There are presently no plans to apply the same seismic design procedures
to waste repositories that have been required for nuclear power plants. The
Nuclear Regulatory Commission (NRC) has indicated that no seismic require-
ments have yet been established for nuclear waste repositories (NRC, 1985).
They note that all repository structures, systems, and components important
to safety will be reviewed to establish appropriate design requirements, and
that all requirements will be developed to ensure compliance with 10 CFR
Part 60 (1983) and 40 CFR Part 191 (1985). However, in order to evaluate
this favorable condition, the maximum seismic acceleration values for
reactors that have been licensed by the NRC for safe shutdown earthquakes
(SSE) were reviewed (Jackson, 1985a). The maximum levels occur in California
in high seismic activity zones where the Diablo Canyon reactor has been
licensed for an SSE of 0.75g, and the San Onofre units for O0.67g.
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It is important ts note that the safe shutdown requirements for a
reactor are not relevact for a repository. The inventory of primary-system
cooling water in a resa:tor must be maintained after a seismic event in order
to control core deocay ueat, prevent meltdown, and prevent potential release
of short-lived noble p.ses or particulates. In a repository, the short-lived
isotopes no longer exist, and the heat that will be geneunted is several
orders of magnitude la3is than that for a reactor. This hest can be contained
within the facility without dependence on complex mechan .ial or hydraulic
systems operating after a seismic event. Section 6.3 3.4+5 reviews
teciinology that has been used in other facilities to incor-orate designs for
both displacement and ground motion from earthquakes. 3iven the current
state of knowledge of the estimates for recurrence ratex for large earth-
quakes in the reg’on which includes the Yucca Mountain sii2, and the record
of historical seilsmicity within the East-West Seismic Belt, there is no
evidence that suggests that ground motion at the site during the preclosure
time period is likely to be in excess of reasonable desig: limits.

Conclusion

If historical earthquakes or past man~induced seismicity were to recur
at Yucca Mountain, the resulting ground motion would be within reasonable
design 1limits. Therefore, the evidence indicates that this potentially
adverse condition is not present at Yucca Mountain,

(3) Evidence, based on correlations of earthquakes with tectonic
processes and features (e.g., faults) within the geologic setting,
that the magnitude of earthquakes at the site during repository
construction, operation,- and closure may be larger than predicted
from historical seismicity.

Evaluation

Two historical earthquakes of magnitude.M = 6 have occurred within about
200 kilometers (125 miles) of the Yucca Mountain site: one in 1908 at Death
Valley 110 kilometers (68 miles) southwest of Yucca Mountain, and one in 1966
about 210 kilometers (130 miles) northeast of the site., Within about
10 kilometers (6 miles) of Yucca Mountain, historical seismic records before
1978 show that 7 earthquakes were recorded: of these, 2 had magnitudes of
M = 3,6 and M = 3.4; magnitudes for the remaining 5 were not reported. They
were apparently very small or had magunitudes that could not be determined due
to instrument problems. A local seismic network with significantly increased
detection and location capability has recorded 3 microearthquakes in the same
area between August 1978 and the end of 1983. The largest magnitude (ML) was
approximately M = 2 on the Richter scale (Rogers, 1986).

For the purposes of evaluation of this condition, it will be assumed
that historic selsmicity is representative of the earthquake potential for
the Yucca Mountain site for short periods of time, such as the preclosure
time frame. This evaluation will, therefore, not consider design events or
ground motions that are associated with low-probability scenarios, because
the likelihood of a larger-than-historic event is low during the preclosure
period. : SR .
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Given the present status of earthquake~hazard assessment, there 18 no
evidence that earthqui<es larger than those observed in the historical
records for the geologic setting are likely to occur at Yucca Mountain during
the 90~year preclosure period. Published estimates of recurtence intervals
for earthquakes are vsviewed in Section 6.3.1.7.5, for the region that
includes the Yucca Mountain site. Recurrence intervals for M > 7 earthquakes
are reported to be o: the order of 25,000 years; for M > 6, recurrence
intervals are on the order of 2,500 years; and, for M > %, estimates of
recurrence intervuls are about 250 years. )

Conclusion

Seismicity at the site since 1978 has been manifesi:d by earthquakes
with magnitudes less than 2, although larger earthquakes have occurred within
the geologic setting. There 18 no evidence that earthouakes larger than
those predicted from historical seismicity within the geologic setting should
be expected to occur at the site during the assumed 90)~year period of
repository construction, operation, and closure. Therefore, the evidence

indicates that this potentially adverse condition 1is not present at Yucca
Mountain.

6.3.3.4.5 Disqualifying condition

A site shall be disqualified if, based on the expected nature and
rates of fault movement or other~ground motion, it is likely that
eggineeriqgrmeaeures that are beyond ressonably avallable techno~
logy will be required for exploratory shaft construction or ‘for

repository construction, operation, or closure.

Evaluation

Within about 10 kilometers (6 miles) of Yucca Mountain, historical
earthquake records before 1978 show that 7 earthquakes were recorded; 2 had
magnitudes of M = 3.6 and M = 3.4; magnitudes were not reported for the
remaining 5. They were apparently very small or had magnitudes that could
not be determined due to instrument problems. Prior to 1978, however, stan-
dard errors of most earthquake locations were + 7 kilometers (+ 4.2 miles) or
more. A local selsmlc network has recorded 3 microearthquakes in the same
area between August 1978 and the end of 1983. The largest magnitude

M., Richter scale) was approximately M = 2 (Rogers, 1986). Two historical
eafthquakes of magnitude M = 6 occurred within about 200 kilometers:
(125 miles) of the Yucca Mountain site, one in 1908 at Death Valley, 110
kilometers (68 mliles) southwest of Yucca Mountain and one 1n 1966, about 210
kilometers (130 miles) northeast of the site.

Thirty-two faults within a 1,100-square~kilometer (425-square-mile) area
around the site offset or fracture Quaternary deposits. :Flve faults are
thought to have last moved between about 270,000 and 40,000 yesrs ago; 4
faults last moved about 1 million years ago; and 23 faults are thought to
have last moved between 1 and 2 million years ago (Swadley, et al., 1984).
At the time of publication of Swadley et al. (1984), no evidence of offset
younger than 40,000 years had been confirmed; recently avallable, but.
unevaluated, thermoluminescence dates may indicate on the order of 1 to 10
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centimeters of fault Jisplacement in eastern Crater Flat more receutly than
about 6,000 years ago (Dudley, 1985).

Previously published estimates of recurrence intervals for earthquakes
were reviewed in Section 6.3.1.7.5. The region including the Yucca Mountain
site is reported tn heve an estimated recurrence interval for M > 7 on the
order of 25,000 yeari; for M » 6, the recurrence interval is on the order
2,500 years; and for M 2> 5, the recurrence interval is re¢-orted to be on the
order of 250 years. The range of rerupture times for najor earthquakes
presented in Table 6-36 in Section 6.3.1.7.5 reflects "h: location of the
site on the boundary between two zones with very differe it levels of seismic
activity. One zone is to the south of the site with a v.ry low level of
selsmicity and very long recurrence intervals for large earthquakes (on the
order of 190,000 years for M > 7 for the region including Las Vegaa); the
other zone ig the region to the north where recurrence iatervals are on the
order of 7,000 to 10,000 years for M > 7. The range ln estimatee of
recurrance intervals demonstrates the wide variability that results for
differing reglons when a wide variety of assumptions are used. At this time,
these values can only provide insight regarding possible recurrence intervals
for faults near Yucca Mountain. Until detafiled fault studies are fully
completed, there 1s large uncertainty regarding the appropriate recurrence
intervals for these faults. However, the available data (Swadley et al.,
1984; Dudley, 1985; and USGS, 1984) show no evidence to suggest that
recurrence intervals would be shorter than on the order of 25,000 years for
major (M > 7) earthquakes. It should also be noted that there 1is no
information currently available on the seismogenic potential of faults at or
near Yucca Mountain, so that the occurrence of a magnitude 7 earthquake in
the area can neither be anticipated nor can it be ruled out. Although USGS
(1984) indicates that fault movement with surface displacements are possible
at or near the site, recurrence interval data suggest that earthquakes that
are large enough to generate major surface displacements are unlikely for the
preclosure time period of less than 100 years. Doser (1985) reports that
minimum earthquake magnitudes of 6.0 to 6.5 are required to produce surface
breakage in the Intermountain Seismic Belt.

The only available estimate of acceleration at the Yucca Mountain site
was made under the assumption that faults at the site were not active. The
most likely peak acceleration at Yucca Mountain was deterministically
estimated to be approximately O.4g (USGS, 1984). This acceleration was
estimated to result from a full length fault rupture (length, 17 kilometers
(11 miles), magnitude 6.8) on the Bare Mountain Fault, which is 14 kilometers
(9 miles) west of the Yucca Mountain site. Alternative probabilistic
hypotheses, formulated on the basls of historical rates of seismicity in
surrounding regions, and assumptions that earthquakes can occur anywhere in
the region including Yucca Mountain, can be used to show that O.4y has a
return period on the order of 900 to 30,000 years. The probability of O.4g
being exceeded in 90 years, the assumed duration of the preclosure period,
under these hypotheses is estimated to be between 0.003 and 0.1 (USGS, 1984).
These values are 1in reasonable agreement with previous estimates of
recurrence lntervals for the region. The probabilistic results discussed by
Rogers et al. (1977) and USGS (1984) demonstrate that large uncertainties
exist in the evaluation of seismic hazard. Different assumptions regarding
the approprilate recurrence model, attenuation relationships, and the
identification of specific faults as selsmic sources, can result in widely
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different estimates of acceleration for a given probability. At this time,

it is premature to pla.e much confidence in these estimates, other than using
them to provide insight until a more complete assessment can be made of the

various input parameters that are required for a probabilietic seismic hazard
analysis.

Possible effects on the preclosure operation of a reysitory from earth-~
quakes at or near the site can be considered from the s indpoint of the
potential for ground motion and the possibility of surfa-e displacement. As
discussed in potentially adverse condition 2, nuclear r actors have been
designed and licensed b» the Nuclear Regulatory Commissicn with safe shutdown
earthquake accelerations of 0.75g and 0.67g in seismically active areas.

Owen et al. (1980) review the seismic design considerations that may be
applicable to the underground portion of a repository. Experience with
strong ground motion acting on other types of structures also provides useful
information., For the underground portion of the repository, evidence is
available from a number of mines and tunnels in which earthquake damage at
depth is reported to be less than at the surface (Pratt et al., 1978). In a
review of the effects of earthquakes on underground facilities, (Carpenter
and Chung, 1985), the following tentative conclusions are presented. If
fault displacement occurs through a site, damage 1s inevitable; however,
damage from shaking alone is generally confined to facilities located within
the epicentral region and may be less than damage to surface facilities at
the same site. There is an apparent reduction of amplitude with depth, al-
though seismic data for this observation 1s reported to be mixed. The fre~
quency content of motion 1is important to the stability of underground
openings, and attenuation relationships should be site specific. Model
studies indicate that problems may occur in shafts, particularly with waste-
handling equipment. This illustrates the need for detalled assessments of
the seismic aspects of shaft designs, hoists, and in-shaft waste-handling
equipment. All of the above information will be considered during seismic
hazard studies of the Yucca Mountain site. Jackson (1985bh) reviewed the
literature on damage to underground facilities from earthquakes. He notes
that there are numerous observations that underground structures suffer less
damage than surface structures during strong shaking motion. Jackson (1985b)
qualitatively concludes that the probabi}&ty of eyents that are large enough
to cause damage is likely to be low (10 to 10 per year) for the pre-
closure repository time frame. He also points out that damage to subsurface
facilities is likely to be localized so that few waste disposal containers
would be affected, although systems used for retrieval, such as the shaft,
heist, and transportation systems may require careful consideration regarding
seismic design requirements in support of the Carpenter and Chung (1985)
conclusions reviewed above. In general, damage is not likely to occur unless
the underground facility is very close to an earthquake epicenter. The
primary cause of earthquake-induced failure in underground excavation is
apparently movement along preexisting faults or collapse at the portal of a
tunnel or shaft.

Seismic designs to accommodate fault displacements have been developed
for other facilities including large buildings. The effects of fault dis-
placement on the performance of structures may depend on whether the faults
are parallel or perpendicular to building walls and on the thickness and
characteristics of soil above bedrock (Meehan, 1984). Merritt et al. (1985)
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polnt out that although the absolute amplitude of displacement may he large,
this displacement is cfien spread over a long length, and that the amount of
distortion at any polur 1s generally small, often within the elastic defor-
mation capacity of the structure. State-of-the-art technology allows designs
that incorporate flexiile joints so that the effects of mivor fault movement
can be accommodated. “ritical areas of a structure could #1so be isolated by
a sand cushion or othe+ displacement accommodating materialt (Meehan, 1984).

The questions raised 1in design and licensing for & waste-handling
buil’ding (WHB) that spans a surface displacement are sig i "icant. A prefer-
able design solution for the geologic setting of Yucca it »urtain will be to
locate the WHB, which w'll contain the surface inventory : ¢ spent fuel and
high-level waste, on a location where surface displacements have not
occurred. This building location need be only 152 meters (500 feet) square.
Because of the juxtaposition of surface and subsurface feacilities at the
Yucca Mountain site, there is an extensive area that could be acceptable for
the WHB location. Early design studies are intended to establish one or more
suitable locations for the WHB where surface fractures gre not present.
Establishing a sultable WHB location using this philosophvy will be preferable
to the design and licensing of the facility using seismic design technology
described above. ’

A review of the information available on designs to accommodate fault
displacement in non-nuclear facilities shows that many structures have been
designed to accommodate offset, For tunnels that cross active faults, an
approach used in the California aqueduct where it crosses the Garlock Fault
was to design a reinforced concrete condult; another approach was described
for the Bay Area Rapid Transit (BART) System, where tunnels cross the Hayward
Fault in Berkeley, California. The Hayward Fault has an estimated annual
creep rate of between 6 and 8 millimeters (0.24 and 0.31 inch) per year
(Brown et al., 1981). The BART tunnel was oversized and lined with closely
spaced steel rib sections to permit absorption of tectonic deformatlions and
promote rapid repair and track realignment (Owen and Scholl, 1981). From
experience of damage to underground box conduits during the San Fernando
earthquake, suggestions for design of relunforced concrete conduits include
the following: close-spaced selsmic joints; construction joints and seismlc
joints placed in the same vertical plane; and avoidance of changes in geo-
metry or properties of the cross section, sudden change of direction, and
confluence near an active fault zone. Merritt et al. (1985) suggest a struc—-
tural design goal that may be appropriate in some cases which is to provide
sufficient ductility to absorb the imposed deformation without losing the
capacity to carry static loads. The Trans~Alaskan Pipeline was designed to
traverse active fault zones having 0.6 meters (2 feet) of horizontal and/or
vertical displacement (DOI, 1972). Table 6-43 summarizes information on a
number of facilities that have experienced strong ground motion or fault
movement.

In the well-known case of the General Electric Test Reactor, located in
Pleasanton, California, a comprehensive structural analysis was completed of
the safety~related components and systems for both surface displacement and
maximum vibratory ground motion. Using an assumption of 1 meter (3 feet) of
offset, an analysis of the reactor building suggested that induced stresses
in the concrete core structure would be much less than the cracking threshold
capacities (Reed et al., 1979).

e e
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Table 6-43. Facilities that were designed for aad have experienced mnno:m.mnocbm motion or mwcwnzao<mam=n

Facility

Source of .Ground Ionhoa

ovwmwcmmuMmmmnnm

Reference -

Fukushima Buclear Power Piant,
vnits ! through 5,

faxga’ " na Presecturs, Jepan:
Location approximately

125 km from epicenter;

0.12g lateral ground accelera-
tion; 0.25g maximum peak response
acceleration of the strectures.

Latino Americanc Tower,

Mexico City, Mexiceo. 43 to 44
stories high. Location
approximately 350 km from
epicenter; 0.05 to O.lg
lateral acceleration (1957);
0.18g acceleration (1985).

Bunker Hill Tower, Los Angeles,
Czlifornia. 22 stories high;-
iocs—ion approximately 25 kam
from epicenter.

Banco de America, Managua,
Nicaragua. 17 stories high.
Located immediately adjacent to
fault that moved during earth-
quake; concrete shear wall
construction.

Miyagi-Ken~oki, NNannﬁmwmw

June 12, 1978
Magnitude 7.4
Focal depth = 30 km
Of fshore location

Mexico earthquakes
July 28, 1957
Magnitude 7.5
Focal depth 25 km
September 19, 1985
Magnitude 8.1
September 20, 1985
Magnitude 7.5

San Fernando Earthquake
February 9, 1971
Magnitude 6.4

Managua, Nicaragua,
Earthquake

December 23, 1972
Magnitude 6.25

Damage was negligibles.

Reactors apparently: did
not shut down amnd- all

5 units were operating
11 days later.

Building survived the
earthquake without
damage.

Overall earthqguake
damage very light.
The shear walls ex~
hibited omly very
minor craeking.. Most
floors and wall areas
exhibited no signs of
damage. :

Yanev AHmev

Zeevaert and
Newmark :
(1956);
Rosenblueth
(1960)

ENR 1985a
ENR 1985b

Murphy 1973

Meehan et al.
(1973) -

Py
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Table 6-43.
(continued)

Facilities that tmﬁm

designed for and 3@¢®.¢Nﬁ@ﬂnmnnma mmwoam wnmcwm EOnwow %ﬂ;mm=~n15m<w905n

Faciliey

Source of Ground Motion

ovmmw<mm;mmmwnnmm;

Reference

TR

Ti<on Building, Cotabate City,
. ieppires. 4 etsrias
bigh. Lc- _:tion approximately

Mindenon B

1060 km from epicenter; moment

frame concrete; 0.08 to Q.
peak acceleration.

Bay Area Rapid Traonsit
Turmmel (BART), Oakland,

18g

California, Tunnel penetrates

Hayward PFault.

Designed to

accommodate both continuous

fault creep and periodic fayle

displacement associated with

earthquakes.

Mindanao, Philippines,
Earthquake
August 17, 1976
Magnitude 7.8
Focal depth less than
33 km.

Hayward Fault Creep—6 to
8 mm per year laterally.
Historical faultr movement
(up to 1.5 m) associated

- with earthquakes in late

1800s.

Survived the earthquake
without structural
damage and only a .
slight crack in a_con=
crete block partition.

Stratta mnmmw.wwﬂﬁ

{1977)

Brown et al.
(1981)



Methodology for asseusing significance of seismic and tectonic events

A detailed description of the approach utilized to Ldentify and resolve
licensing issues assoclated with significant seismic and recuonic events 1is
being prepared by the Nevada Nuclear Waste Storage Invistigations (NNWSI)
Project and will be incorporated in the site characiwrization plan.
Significant seismic and tectonic events are those event:s that, in light of
tectonic history and other characteristics of the site, ..ust be congidered in
evaluating compliance of the repository with the perfoii.ance objectives of
10 CFR Part 60 (1983). This description, to be presen e as & position paper
for discussion with the NRC and the public, will addre s the formulation of
criteria to beé used tor identifying the significant se. :mic and tectonic
events to be cousidered for preclosure and postclosure analyses. On a
preliminary basis, the position paper will identify scenarios to be addressed
in these analyses, including those related to faults at or near the site. A
rationale will be developed to explain why certain scenarios should be
excluded or included in the analyses on the basis of either probability or
consequence. The paper will also evaluate the potential impact of the

relevant scenarios on the NRC performance objectives ard on undergtound and
surface facility design.

An 1ssue-resolution strategy will also be developed. The specific
seismic and tectonic events considered for analysis will be ‘discugsed in
terms of uncertalnties in scenario definition and data and assumptions to be
used in analyses. The approach to be used to demonstrate compliance could
Incorporate several sequential steps. First, the set of release scenarios
for the seismic and tectonic events that could affect safety during operation
and retrieval would be identified. Next, failure-mode analyses of struc—
tures, systems, and components important to safety would be conducted using
seismic-initiating-event probabilities and seismic-design parameters deter-
mined in accordance with procedures described in the paper. These analyses
would be used to determine likely and maximum consequences of failure with
respect to radlological safety, considering the ranges of parameters that
affect these consequences. The results of these determinations would then be
used in an analysis and assessment of the degree of compliance with applica-
ble release limits. Finally, the uncertainty in these analyses and assess-
ments would be evaluated. The resulting information would be used in an
evaluation of the impact on design of structures, systems, and components
important to safety and to determine the implications regarding the design of
structures to resist failure. The above steps will be iterated and will
become more sophisticated as data from site characterization becomes
available. An iterative approach will also be used to define and refine
field programs to obtain the necessary data.

The process just described recognizes that many of the analyses and sup-
porting investigations involve state-of-the-art concepts regarding the acqui~
sition and use of geologic data in sophisticated analyses. While such
concepts will be applied for the first time to a repository, the NRC has
evaluated numerous probabilistic risk assessments for auclear reactors, which
include seismic initiating events. Techniques discussed above are likely to
be similar to those that have been used for probabilistic risk assessments.
The analyses, design criteria, and evaluation criteria .prepared by the NNWSI
Project will be presented in an open forum to ensure’ that the best technical
approaches are incorporated in the subsequent evaluation of the tectonics
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disqualifying condition and qualifying condition of 10 CFR Part 960 (1984),
the performance objectives of 10 CFR Part 60 (1983), and evaluations of
worker and public heal:h and safety.

Conclusion

There may be evid:nce for a very small amount of suriae displacement
near Yucca Mountain i1 the past 6,000 years. The closest hilstorical M = 6
earthquake occured in 1908 about 110 kilometers (68 miles, southwest of the
site. Recurrence intervals for earthquakes in the reglo. ire reported to be
on the order of 25,000 years for M > 7 earthquakes, and .2 the order of 2,500
years for M > 6 earthquakes. On the basis of present kr wledge of past
earthquakes and fault locations, a review of currently a.ailable design
technology, and the plans for identifying the significant seismic and
tectonics parameters during site characterization, it is judged feasible to
construct, operate, and decommission an exploratory shaft facility and a
radioactive waste repository at Yucca Mountain. Therefore, the evidence does
not support a finding that the site is disqualified (level 1).

6.3.3.4.6 Evaluation and conclusion for the qualifying condition on the
preclosure tectonics guideline

Evaluation

The brief historical seismic record at Yucca Mountain shows no
earthquakes that have produced damaging ground motion (Rogers et -al., 1983;
Rogers et al., 1977; USGS, 1984). Within 20 kilometers (12 miles) of Yucca
Mountain, the deterministically predicted maximum credible earthquake (M =
6.8) on any of the largest of the nearby faults considered seismically active
could produce a 0.4g acceleration at Yucca Mountain (USGS, 1984). This -
earthquake has a predicted return period on the order of 900 to 30,000 years.
Published recurrence intervals for earthquakes in the reglon are reported to
be on the order of 25,000 years for M > 7 earthquakes; on the order of 2,500
years for M > 6 earthquakes; and, about 250 years for M > 5 earthquakes. The
estimated rupture length of a fault producing an earthquake of a given magni-
tude and the maximum distance from that fault to a given mean and peak hori-
zontal acceleration are given in Table 6-44. The magnitude~length relation-
ship was derived from western North American earthquakes by Bonilla et al.
(1984). The 84th-percentile and mean accelerations of Joyner and Boore
(1981) and Campbell (1981) were used to compute conservative estimates of the
distances listed in the table. At this time, it has not been determined what
percentile will be appropriate for ground motion estimates for a repository.
Section 6.3.3.4.5 discusses the methodology that will be used to assess the
significance of possible seismic and tectonic events and to establish the
required level of conservatism. Additionally, the values presented in Table

6-44 are provided to show a range of peak acceleration values for different
sized earthquakes at a variety of distances. Until final evaluations of the
faults near the site, appropriate assumptions for fault length, displacement,
and earthquake magnitude are not possible or warranted. Table 6-44 shows
that to produce peak accelerations in excess of those that have been accepted
for reactors would require a large event very close to the site. Given the
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Table 6-44. Magnitude vs. mmcwnmwmsmnm muw distance from fault to peak horizontal accelerations

Magnitude, mmawn mmumnr L2 Calculation Distance to mnnmuwnmnsosv.n

M mwmuoamnmnmv method kilometers

T 0.2g - 0.5g  0-75g 1.0z

.l '35 - €d) 8/17 =13 /% =/=
(e) ’ 5/8 1/2 -1 -/-

6.0 9 (d) . 12/22 ~/7 =/= -/-
(e) 8/13 /3 ~ =/1 -/-

6.5 17 ¢d) 16/29  2/x1- -/- -/-
€e)} 12/19 2/ . =12 - —/-

7.0 33 - ey - 22/38 6/~ -/0- /5
: te) 18/28 - 3/ . -/3 -/=

ooavcnmw from Boniila et al. mmmm»v ﬂmmnmns zoﬂn: >anmnma data. womzb = 0.566M~2.44 where
M= mcnmmnm wave magnitude. )
The numbers before wnm M%mmn nwm mHmmw mnm n:m 50th and 84th wmnnm:nwhm moomumnmnmonm.
Hmmvmnnw<mw%. -
Mm%vwma €-) indicates nwmn these mqmuﬁm mnm not mmwmuw to generate the mw<m= mnnmumﬂmnwoam.
noamcnmw from uo%nmw,mum Boore mwwmwv wenm and 84th percentile moomwmﬂmnuos ﬂmumh»onmrwvm.
nasucnmm from- nwawcmHH mwomwv mOnw wdm m»m# mmﬂnmsnwpm Nnnmwmwmnwou HmwmnﬁozmeVm. :
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reglonal estimates of recurrence rates for M 2 7 on the erdexr of 25,000 years
and about 2,500 years for M > 6, the probability of occurrence of a damaging
earthquake during the 90-~year preclosure period 1s likely to be very small.
Furthermore, the faul: lengths obsevrved in the immediate 7sicinity of Yucca
Mountain do not appeai sufficient to generate earthquake: with magnitudes
greater than 6 or 6.5. regardless of the recurrence intervals. As noted in
the evaluation of the disqualifying condition, reasonabl- available techno-
logy should be sufficlent to accommodate the seismic desi n requirements for
the site when they are established during site characteris ition.

From the gtandpoint of selsmic hazard, Relter and Js-kson (1983) point
out that an approach based on return periods on the order . f 1,000 or 10,000
years have been i.ipllcitly accepted by the Nuclear Regulatory Commission
(NRC) for developing the seismic design criteria for nuclrar reactors. Such
an approach may be overly conservative for a geologic repository. The con-
cept of continuing operation of complex systems after a seismic avent must be
applied to a reactor at the safe shutdown earthquake level, but is not
relevant for a repository surface facility. The primary-coolant water supply
for a reactor must continue to be available for core cocling after the
seismic event. Because of the presence of short-lived isotopes, the fuel in
a reactor core will continue to generate decay heat at a rate several orders
of magnitude higher than the repository spent fuel. The noble gases xenon
and krypton are of particular concern and must be containad along with
lodine-131 to protect public health and safety. This requirement necesg—
sitates the continued functioning of complex mechanical and hydraulic systems
during and after a maximum seismic event as well as the maintenance of the
full structural integrity of the containment building. In a repository, the
spent fuel or defense high-level waste decay heat is low enough to require
only passive systems. Passive dry storage casks are presently before the NRC
for licensing for reactor site storage of spent fuel.

After emplacement in the underground facility, waste disposal containers
are unlikely to experience velocities or accelerations that approach the
velocities and accelerations that will be simulated in drop tests to deter-
mine strength fer handling purposes. An acceleration of lg at repository
depth is extremely unlikely; containers will be designed and tested for -

impact velocities that produce accelerations of umore than 10 times this
value.

The volcanic hazard potential at the site from silicic volcanism is much
less than that for basaltic volcanism as discussed in Section 6.3.1.7.3. The
possible effects and probability of basaltic volcanism at Yucca Mountain
during the preclosure period are -thoroughly reviewed in sections 6.3.1.7.3
and 6.3+1+7.6. The probability of a recurrence of basaltic volcaqﬁ§m causing
disruptigg of the repository facility ranges between 3.3 x 10 and
3.0 x 10 ¥ for the 90-year preclosure period. Because of the low probabili-
ties and small consequences, the risk posed by basaltic volcanism is judged
to be very small during the preclosure period (Link et al., 1982).

Conclusion
The only tectonic-activity expected to affect Yucca Mourtain during the

preclosure period is the occurrence:in the surrounding. region of. .emall-..
magnitude earthquakes. Such activity 1s likely to produce ground motion that

6~353

8 00 03 0876



is presently judged to be within the design limits likely to be applied to
nuclear repositories and 1s compatible with the requirements specified in
10 CFR 960.5~1(a)(3) (1984). Therefore, on the basis of the above evalu-
ation, the evidence 1oes not support a finding that the rite is not likely to
meet the qualifying condition for preclosure tectounics (!zvel 3).

6.3.3.4.7 Plans for site characterization

During site charicterization, field iunvestigations L1l be continued to
further evaluate tectonic activity at the Yucca Mountain site and in the sur-
rounding region (see Section 6.3.1.7, Postclosure tectonics, for a complete
discussion). Site-specific attenuation curves will be developed to better
predict expected ground motion. Potentially active faulss 1n the area will

be carefully evaluated to determine their slip ratea and their character-
istics.

6.3.4 PRECLOSURE SYSTEM GUIDELINE

The three preclosure system guidelines establish the overall objectives
to be met by a repository during repository siting, construction, operation,
and closure. They address (1) preclosure radiological safety; (2) the
environmental, scciloeconomic, and transportation-related effects assocliated
with repository development and operation; and (3) the ease and cost of
repository siting, construction, operation, and closure. The first two do
not require site characterization for the demonstration of compliance; they
are discussed in Section 6.2.2. The third preclosure system guideline does
require site characterization; a preliminary evaluation of the Yucca Mountain
site against this system guideline is presented in this section.,

6.3.4.1 Ease and cost of siting, construction, operation, and closure
(10 CFR 960.5-1(a)(3))

6.3.4.1.1 Introduction
The‘qdalifying condition for this guideline is as follows:

Repository siting, construction, operation, and closure shall be
demonstrated to be. technically feasible on the basis of reasonably
avajilable technology, and the assoclated costs shall be demon-—
strated to be reasonable relative to other available and comparable
siting options.

The preclosure system guideline on the ease and cost of siting, con-
struction, operation, and closure is ranked lowest in importance among the
three preclosure system guidelines because it does not relate directly to the
health, safety, and welfdare of the public or the quality of the environment.
The elements pertinent ito- ' this guideline are (1) the site characteristics
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that affect siting, construction, operation, and closure; (2) the englneer-
ing, materials, and se!vices necessary to conduct these activities;

(3) written agreements oetween the U.S. Department of Eneryy and the affected
State, and the Federal regulations that establish the requirements for these
activities; and (4) the repository personnel at the site during siting,
construction, operatiorn, or closure.

This guideline wculd not be met if a large number of aspecial measures
were necessary becsuse the site had unsuitable surface feu:iures; because the
host -rock characteristics, including thickness, lateral -x.ent, and geome-
chanical properties, recuired technology beyond that avai'sble at reasonable
cost; because the hydroliogic conditions at the site could imit the effect-
iveness of reposit.ry seals or cause flooding in the underg.ound workings; or
because the potential for tectonic activity required unceasonable or
infeasible derign features to protect the workers or the public. Table 6~45
summarizes the finding for the qualifying conditioen.

6.3.4.1.,2 Data relevant to the evaluation

The information presented in this section is derived from those for the
technical guidelines on surface characteristics (Section 6.3.3.1), rock char-
acteristics (Section 6.3.3.2), hydrology (Section 6.3.3.3), and tectonics
(Section 6.3.3.4). This information is preliminary because the data needed
from the site-characterization program are not yet available. Furthermore,
only preliminary concepts of the repository design have been identified
(Macbougall, 1985). Five important variables are considered in the following
evaluation: (1) the location of surface features; (2) the method of access
to the underground facility; (3) the depth of the emplacement level; (4) the
size and shape of the underground facility; and (5) the method of waste
emplacement. These variables will be reevaluated and further refined during
the conceptual design of the repository. The conceptual design will, in
turn, be evaluated with the information obtained during site characteriza-
tion. After site characterization, and the completion of a preliminary
(Title 1) design, more precise estimates of the ease and cost of siting,
construction, operation, and closure will be possible.

The discussions that follow describe the activities involved with
repository construction, operation, and closure and evaluate each of the
three phases in terms of the available technology. It is assumed that
10 percent of the access drifts, emplacement drifts, and holes would be
excavated and stabilized during construction and that the remainder would be
excavated and stabilized during operation.

6.3.4.1.3 Evaluation

Evaluation for repository siting

Siting activities include: (1) the construction of the exploratory
shaft facility; (2) the construction of a secondary egress shaft; (3) the
construction of surface and support facilities, including trailers to house
offices, medical services, and change rooms, as well as utility systems, head
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Table 6-45. Summary of analyses for Sectien 6.3.4.1; preclosure system guideline: ease and cost
of siting, comstruction, operation, and closure (10 CFR 960.5-1(a)(3))

Conditicn

Department of Energy muomvvmwzawum

QUALIFYING CONDITION

Repository siting, construction, operation, and
closure shall be demonstrated tc be technicailly
feasible on the basis of reasonably available
technology, and the associated costs shall be
demonstrated to be reasomable relative to other
available aad comparable siting options.

Existing information does nct support the finding
that the site is not likely to meet the qualifying
condition (level 3): no special technology is
expected to be required; repository activities are
expected to be feasible on the basis of reasonably
available technology; site characterization is
expected to provide additional information for
planning and design.
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frames and hoists, ventilation systems, and a road; and (4) laboratory and
field studies.

Standard coustruction and mining practices can be used to construct the
exploratory shaft facliity. The secondary egress shaft wrild be raise-bored,
a standard mining technique. No unique or nonstandard cechniques are
expected to be requirad for the construction of the suppo:t facilities ox for
the conduct of laborakory or field studies.,

The surface characteristics that should be consid~r.d in siting are
mainly the terrain and the surface drailnage; both wi.l: be carefully
considered in the placement of the exploratory shaft fa ‘lity, secondary
egress shaft, ana surface support facllities. The surf:uce facilities,
shafts, and access routes to them can be located in gencrally flat areas with
well~established drainage systems., No exceptional groun! support methods are
expected to be required; wire mesh and rock bolts should provide sufficilent
ground support to provide for worker safety.,

Hydrologic factors that should he considered in siting activities are
water availability, potential for flooding especlally with regard to sheet
flow, and ground-water conditions that could require complex engineering
measures beyond those reasonably avallable. Adequate water supplies axe
available locally. The design and location of the exploratory shaft and
support facilities would include plans for adequate protection from sheet
flow, which will result from standard drainage control measures, Because the
exploratory shaft facility and the secondary egress shaft would be located in
the unsaturated zone and because of the aridity of the surface climate,
hydrologic impacts on siting are expected to be minimal.

The tectonlic factors to be considered in repository siting include the
potential for earthquake-induced ground motion that could require engineering
measures beyond reasonably availlable technology during shaft construction.
Reasonably available technology is sufficlient to design and construct the
surface and underground facilities to withstand the maximum potential ground
motion likely to occur at the Yucca Mountaln site.,

Evaluation for repository comnstruction

Construction activities include (1) the construction of surface and
suppori facilities, including waste~handling and treatment buildings, support
buildings, head frames and hoists, a railroad, a road, and utility systems;
(2) the construction of underground ventilation filter buildings and under-
ground facilities; and (3) the excavation and stabilization of ramps, shafts,
drifts, and emplacement holes (MacDougall, 1985).

Standard construction and mining techniques and practices can be used in
most of these construction activities. Waste-handling and treatment facil-
ities, as well as ventilation and filtratlon systems serving waste-
emplacement areas, will be designed and constructed in accordance with
applicable specifications followed in other nuclear facilities. Activities
requiring nonstandard techniques .will be carried out in a manner that
provides for the safe handling and processing of potentially hazardous
radioactive materials under all foreseeable normal and accident conditions.
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The surface characteristics that should be considered in construction
activities are main'y the terrain and surface drainage, and both will be
carefully consildere: in the design and placement of surface facilities. The
pertinent rock char.cteristics are the thickness and lateral extent of the
host rock; the geom.zhanical properties of the host roct« that affect support
requirements; thermomechanical characteristics of the lwst rock that could
affect the ease an. safety of waste retrieval, shouls retrieval Dbecome
necessary, and other rock characteristics that could cc promise the safety of
workers. Host-rock characteristics will determine the ~xact depth selected
for the emplacement level, and the exact depth would ¢ itfect the ease and cost
of constructing head frames, holsts and skips, ramps a4l shafts, and the
underground facility., The size and the shape of the em:lacement. area could
also affect the cost of mining the drifts.

The hydrologic factors that should be considered in construction activi-
ties are water availability, the potential for flooding from sheet flow, and
ground-water conditions that could require complex engineering beyond that
reasonably available. Adequate water supplies for repository activities are
available locally, The design and locations of surface facilities would
include standard drainage control measures to ensure adequate flood
protection. The unsaturated condition of the host rock and the aridity of
the surface climate both contribute to confidence that hydrologlc impacts on
construction will be minimal.

The tectonic factors that should be considered in repository rconstruc-
tion include the potential for earthquake-~induced ground motion. The results
of studies to date suggest that the maximum potential ground motion at the
site will not require construction methods or practices that are beyond
reasonably availlable technology.

Evaluation for repository operation

Operation activities include waste handling, preparation, and
emplacement; administration and management; maintenance; mining; and
security. Surface characteristics that may affect operation include those
that could cause flooding in the surface or underground facilities, or
characteristics that could lead to the failure of engineered components of
the repository. No problems with flooding are expected for the surface
facilities, and designs will include standard drainage control measures to
provide protection for both surface and underground facilities. There are
several rock characteristics that could affect repository operation. Among
them are the discovery that the host rock 1is too thin or laterally
restricted, or the unexpected occurrence of 1in situ rock conditionms that
require speclal engiuneering measures such as extensive maintenance of under-
ground openings to guarantee worker safety. The rock characteristics related
to thermomechanical response are also important in ensuring that waste
retrieval could be accomplished safely and without great cost. All evidence
to date suggests that an adequate area of the host rock is available,
although it is possible that additional lateral area could be useful for
added flexibility. The in situ conditions and thermomechanical properties of

the host rock would allow safe operation and retrieval, should retrieval
become necessary. : .
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During operation, there are two principal hydrologic concerns: an
adequate supply of water must be avallable, and there should be no ground-
water conditions that would require complex technology beyond that which is
reasonably available. Adequate water supplies are availabl: locally, and the
unsaturated host rock would require no special technology.

The tectonic charuacteristic of the site that could =:.fect repository
operation is the potential for ground motion severe enough :o disrupt reposi-
tory operation, causing injury to personnel, or causirg an accidental
radiation release., The ground motion that is likely to ‘esilt from natural
seismicity or man-induced seilsmicity can be estimated and cverational proce-~
dures can be established to protect workers and facilities. A significant
impact on operation would be possible only if earthquakes greatly exceeded
the selamic design limits of the faclilities; conservative 42sign limits would
be used (Section 6.3.3.4).

Evaluation for repository closure

The closure of the repository will consist of backfilling drifts, if
required, and sealing shafts, ramps, and boreholes. Surface characteristics
would affect shaft and ramp sealing, or backfilling if flooding caused dis-
ruption of seals or backfill. The rock characteristics that could affect
closure activities or potential retrievability include rock instability in
waste~emplacement boreholes or drifts, The potential for thermally induced
fracturing or other changes in rock properties could lead to safety problems
if retrieval were necessary, Standard drainage control measures are
sufficient to guarantee that sealing and backfilling will not be disrupted,
and all evidence to date suggests that the retrieval of emplaced wastes
should offer no mechanical or safety-related problems.

Hydrologic characteristics would be important in closing the repository
if flooding occurred or 1if water were not available for closure or retrieval
operations. Ground-water conditions could affect closure and retrieval if
complex engineering measures were required because of unexpected conditions.
As previously mentioned, standard drainage control measures would ensure
flood protection, and the unsaturated host rock should offer a benign
ground-water envirvnment. Tectonic processes could affect closure activities
1f the earthquake design limits that were imposed were not sufficiently
conservative to guarantee the safety of the workers and retrieval of the
waste, if necessary., Section 6.3.3.4.5 describes the procedure that will be
used to develop conservative selsmic design requirements for a repeusitory at
Yucca Mountain.

Cost Estimates

On the basis of the available site information and design studies
completed to date, preliminary cost estimates have been developed for the
repository described in Chapter 5. These estimates were developed as part of
the U.S. Department of Energy annual evaluation of the adequacy of the one
mil per kilowatt-hour fee for disposal services and do not represent final
cost estimates, More definitive estimates will be completed when more
detailed designs and site-characterization data become available.
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The estimated to’.al life-cycle cost for a repository lucated iui tuff is
$8.5 billion (1984 dc lars). This includes costs for development and evalu-
ation (81.5 billion), construction ($1.1 billion), operation ($5.8 billion),
and decommissioning (30.1 billion)., The development and rvaluation estimate
includes costs for site characterization, repository cor::ptual design, and
license application, and technology development. The cors-ruction estimate
includes costs for rapository final procurement and con. iruction design and
the construction of all surface facilities and a limit. number of under-
ground waste disposal rooms and corridors, The operatior. estimate includes
costs for the construction of the remainder of the und:rground facillities,
the emplacement of th.a waste underground, and caretaks and backfilling
activities. The decommissioning estimate includes costs for shaft sealing
and the decontamination and dismantling of the surface facilities,

6.3.4.1.4 Conclusions for the qualifying condition on the ease and cost of
giting, construction, operation, and closure guideline

The siting, construction, operation, and closure of a repository at
Yucca Mountain are not likely to require special technology and are con-
sidered feasible on the basis of existing technology. Site-characterization
studles will expand the existing iInformation on host-rock thickness and
lateral extent, host-rock mechanl~al properties, thermo-mechanical proper-
ties, the location and characteristics of faults and shear zones, and the
subsurface hydrologic system. The currently available repository design
information, cost estimates, and design requirements will be updated during
ongoing conceptual-design activities. The evidence collected and evaluated
to date does not support a finding that the site is not likely to meet the
qualifying condition of this preclosure system guideline (level 3).

6.3.5 CONCLUSION REGARDING SUITABILITY OF THE YUCCA MOUNTAIN SITE FOR SITE
CHARACTERIZATION

On the basis of the findings stated in the previocus discussion of indi-
vidual guidelines and made in accordance with Appendix TII of the siting
guidelines (10 CFR 960, 1984), it is concluded that the evidence does not
gsupport a finding that the gite is disqualified and does not support a
finding that the site is not likely to meet the qualifying conditions for
ease and cost of siting, construction, operation, and closure. Therefore, it
is concluded that the Yucca Mountain site 1s suitable for site
characterization.

6.4 PERFORMANCE ANALYSES

The preceding sections of Chapter 6 have presented guideline-by-
guideline analyses of the suitability of the Yucca Mountain site for further
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characterization. This section describes the preclosurs and post-closure
performance analyses rhat support the preclosure system yuideline regarding
radiological safety ar{ the postclosure system guideline. Other assessments
not related to preclo:ure radiologlcal safety or postclos:re performance are
not considered here.

6.4.]1 PRECLOSURE RADIOLOGICAL SAFETY ASSESSMENTS

The purpose of th’'s section 1is to describe the appr ach to the pre-
closure radiologi~al assessment, to determine whether the assessments are
especially sensitive to particular characteristics of the site, and to
estimate preclosure performance based on the existing information.

6.4.1.1 Preclosure radiation protection standards

The preclosure system guideline (10 CFR 960.5~1(a)(l), 1984) for radio-
logical safety refers to meeting the applicable safety requirements set forth
in 10 CFR Part 60 (1983), 40 CFR 191, Subpart A (1985), and 10 CFR Part 20
(1984). The Subpart A standard requires that the combined annual dose equiv-
alent to any member of the public, from operations covered by 40 CFR Part 190
(1982) and from direct radiation and planned discharges of radioactive mate-
rials, not exceed 25 millirem to the whole body, 75 millirem to the thyroid,
and 25 millirem to any other organ. The requirements of 10 CFR Part 20
establish limits to exposure of operating personnel, permissible concentra-
tions of radionuclides in air and water for unrestricted areas, and offsite
exposure of the general public. The last requirement is that the whole body
dose to any member of the public in a year be less than 0.5 rem, with contin~
uous dose limited to 2 millirem per bhour or 100 millirem in any 7 consecutive
days. This requirement is generally less restrictive than that of: 40::CFR
191, Subpart A, but may be limiting under certain short-term conditdions.

6.4.1.2 Methods for preclosure radiological assessment

The preclosure performance assessments will include evaluaticn of poten-
tial release and dose and comparison with the requirements of the regulations
listed 1in Section 6.4.1.1. The assessments will consider repository
construction and operations including both normal operating conditions and
unexpected conditions (i.e., those involving accidental releases).

The specific analysis for each of these conditions will depend upon the
designs of the facilities and the waste package. The maln purposes of these
analyses will be to confirm the acceptability of the designs and to identify
mitigative measures to decrease consequences and preventive measures to pre-
¢lude specific accidents. The analyses may depend on the characteristics of
the site and, to the extent that the calculations are particularly sensitive
to features of the site, these characteristics would need to be identified
and evaluated with regard to preclosure system performance.
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6.4.1.2.1 Radiologlical assessment of construction activities

No radiloactive waste would be involved in the construction activities.
However, radiation exposure could result from the relesxse of radon from
excavated rock and the underground facility. The amount of rAdon released to
the environment depcnds upon site and engineered syste¢ characteristics,
including:

l. The amount of natural uranium and thorium in "h: rock;

2, The characteristics of the rock (e.g., matri: c¢ensity, porosity)
that affect the rate of radon emanation from tn rock;

3. The natural and induced thermal fields;

4. The volume and rock surface~area of underground openings;

5. The ventilation flow rate in underground openinrg¢s, and

6. Other engineered features that are not defined at this stage of the
design,

Neutron activation analyses performed on Topopah &pring tuff samples
indicate natural uranium content to be in the range of Z.7 to 5.2 parts per
million and natural thorium content to be in the range of 22.1 to 25.2 parts
per million (Knauss, 1984; Ramspott, 1983). Using these results, the rock
bulk density value of 2,12 grams per cubic centimeter (Tillerson and Nimick,
1984), and assuming secular equilibrium of the uranium and thorium series in
the Topopah Spring tuff, it is estimated that the radon-220 (thorium series)
production 1is approximately 6 picocuries per cubic centimeter and the
radon~222 (uranium series) production is approximately 3 picocuries per cubic
centimeters. The concomitant radon emanation rate from the rock, particu-
larly as influenced by the induced thermal load from the emplaced radioactive
waste, 1s not yet known. Although tentative dimensions and ventilation rates
for underground openings have been determined, the radionuclide releases and
radiation doses due to natural radon have yet to be evaluated.

For present purposes, estimates of radionuclide releases and radiation
doses can be based upon data provided for various types of geoclogic media
(DOE, 1980a). These estimates are discussed in Section 5.2.9.1.

These data Indicate that excavation of rock roughly corresponding to the
disposal of 70,000 metric tons of heavy metal of spent fuel would result in
an annual effective whole-body dose for a member of the general population of
less than 0.05 millirem. This estimate has been made for excavation of
granite, the rock with the highest radon release per unit of excavated rock
of those media evaluated in DOE (1980a); the estimate assumes that the
release occurs at the point of the excavation. Specific characteristics of
the site such as rock type or environmental conditions would not result in
greater impacts, because the impact will be mitigated with design features,
particularly features of the underground ventilation systems.

6.4.1.2,2 Radiological assessment of normal operations

Neither direct radiation sources nor radionuclide releases during normal
operations constitute a significant source of public exposure because, of the
shielding, packaging, and containment measures that will be taken and because
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of the large distance chat separates the waste from the public. The shield-
ing, packaging, and cc:italnment measures needed will be determined when the
unit operations have bwen specified. The greatest potentisl for radionuclide
release during normal operations would occur for the handling of the spent
fuel assemblies. Upper bounds to potential impacts can . estimated for
possible handling cperitions and assumptions regarding cleading failure.

A small fraction of the rods may experience claddi:. failure during
reactor operation, or during residence in storage pools, 1In early designs
the fraction of rods that falled during operation was a m)st 1 percent, but
design modifications huve reduced this fraction to less ihan 0.02 percent
(Woodley, 1983). There is no evidence of transportation related cladding
failures (DOE, 19/8). The fraction that would fail during temporary storage
is unknown. If the cladding of any of the rods is ruptured during handling
at the site, a portion of the radioactivity in the spenc fuel could be
released inside the hot cell. High-efficiency particulate air (HEPA)
filtration systems can be assumed to remove virtually all (99.9+ percent) of
the particulates released from the fuel. For conservatism, virtually all of
the tritium, carbon~l4, krypton-85 and lodine~129 should be assumed to pass
through the system and to be released to the surrounding environment.

Under normal conditions, handling could only result in cladding failure
1f disassembly of spent fuel elements is performed. For example, up to
0.3 percent of the rods could become stuck in the rod spacers because of
swelling in the reactor core (Funk and Jacobson, 1979), and some fraction of
these could be ruptured during removal from the spacer ‘with an assoclated
release of the fractions stated above for tritium, carbon~14, krypton-85 and
iodine~129.

An estimate of the radionuclide emissions during normal operations can
be made from the expected arrival rate of spent fuel rods, frequency of rod
failure, radionuclide inventory of the failed rods, and fraction of this
inventory that could be released. An upper bound to the release is cal-
culated by assuming an arrival rate of 3,000 wmetric tons of heavy metal of
spent fuel (corresponding to 1,700,000 fuel rods for pressurized-water-
reactor fuel) each year, by assuming 0.3 percent of the pins have ruptured
and will be stuck in the spacers during disassembly, and by assuming that all
of the stuck rods will be ruptured during removal from the spacers. The
resulting release fractions are given in Table 6-46. Air concentrations ar_e_5
calculated on the basis of a d7spersion factor (X/Q) estimated to be 2 x 10
seconds per cubic meter (6x10 seconds per cubic foot). The calculated con~
centrations are compared with the concentration limits set by 10 CFR Part 20
(1984) in Table 6-46. Potential exposure can be mitigated by specific facil-
ity designs. .

Evaluation of committed dose equivalent to compare with regulatory stan-
dards will require site-specific information, such as exposure pathway data.
However, bounding estimates can be made for simple cases; for example, when
the radloactive gases are dispersed in the atmosphere, the whole-body dose
equivalent for immersion in the dispersed cloud can be estimated by using
site-independent dose factors (ICRP, 1979). For the sﬁlease in Table 6-46
and a dose conversion factor for krypton~85 of 2 x 10 (rem per year) per
(curies per cubic meter) (ICRP, 1979), the calculated dose equivalent is lese
than 0.2 millirem per year. :
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Table 6-46. Aseussment of releases from normal preclosure operations

Calculater
Fraction concentratfon Concentratinn

Inwantorya releasedb in aigcl 11m1te

Radionuclide {curies) per year (Ci/m”~ (Ci/m )
H 5 o~ 10 -7
ydrogen-3 9.3 % 103 0.0003 1.8 x 10 3 2x 10__7
Carbon~14 3.7 % 105 0.0003 7.0 x 10 5 1 x 10,
Kyrpton~85 1.5 % 101 0.0009 8.6 x 1914 3 x 10411
Todine~129 9.3 % 10 0.0003 1.8 x 10 2 x 10°

aBased on 3,000 metric tons of heavy metal of 10-year-old spent fuel
arriving in a year (DOE, 1979).

Based on 0.3 percent failure of spent fuel rods aand fraction of
radioactive gases from failed rods released from facility. Regulatory Guide
1.25 (NRC, 1972) indicates that fractions would be 30 percent for krypton-85
and 10 percent for todine-129. Tritium and carbon~l4 are also assumed to be
10 percent. : ‘ ‘

dBase on X/Q = 2 x 1077 geconds per cubic meter.

Ci/m = curies per c¢ublc meter.

€Concentration limits An 10 CFR 20 Appendix B (1984).

6e4.1.2.3 Radiological asgessment of accidental releases

The estimates of releases will depend upon the accidents that are plaus~
ible at the site. The possible set of accidents to be considered may:’ be
altered for specific facility design and operatlonal techniques. A broad -
spectrum of potential accidents was analyzed by DOE (1979). The most severe
of these involved hoist failure during the lowering of the waste disposal
container to the repository level. Az described in Section 5.1.1.2, however,
the reference access method for transferring waste to the underground
facility of the prospective Yucca Mountain repository 1is via a ramp entry.
Therefore, the waste-holst failure would not be a possible event.

As described in Section 5.2.9.2.3, preliminary safety analyses (Jackson
et al., 1984) indicate that worst-case accident consequences result from an
alrcraft impact. For this event, the calculated whole-body equivalent dose
to the maximally exposed individual is 68 millirem.

6.4.2 PRELIMINARY ANALYSIS OF POSTCLOSURE PERFORMANCE
This section presents.‘a preliminary performance analysis for the. proposed
Yucca Mountain waste disposal system. The objective of this preliminary.:.

analysis is to estimate the likelihood of satisfying the regulatory:. require-.
ments contailned in the Nuclear Regulatory Commisslon (NRC) regulations in
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10 CFR Part 60 (1982) and the U.S. Environmental Protection Agency (EPA)
regulations 1in 40 CFR Part 191 (1985). The results of the analysis are used
in Section 6.3.2 in . aluating the site against the postclosure system gulde-
line (10 CFR 960.4-1, 1984), which is based on these NRC and EPA regulations.

Because of limitetlons in the data base and analytical methods, this
preliminary analysis /s not intended to demonstrate compliance with the post~-
closure performance onjectives; rather, 1t is intended tc¢ supplement the evi-
dence that will be used to establish whether the Yucca Movatain site is sult~
able for site characterilzation. A full performance ass¢scuient to demonstrate
compliance with the postclosure performance objective i1z -ontingent on site
characterization and will follow 1it.

This section is divided into five parts. Section 6.4.2.1 describes the
two major subsystems of the proposed Yucca Mountain waste disposal system.
The first of these, the engineered barrier subsystem, 1is evaluated by an
assegsment of waste package performance; the second, the natural barrier sub-
sygtem, is evaluated at this time by evaluations of ground~water flow and
geochemical retardation. The individual performance of e¢ach subsystem is
analyzed in Section 6.4.,2.2, and a' preliminary analysis of total system per-—
formance 1is presented in Section 6.4.2.3, ‘Section 6.4.2.4 compares the sub-
system and total system performance discussed in earlier 'se¢tions with the
applicable requirements of 1Q CFR Part 60 (1983) and 40 CFR Part 191 (1985).
The objective of these comparisons is to establish a rough measure of system
performance under the conditions expected in- the repogitory; a brief discus-

sion of the effects of disruptive events on system performance is provided in
Section 6.4.2.5.

6+4.2.1 Subsystem descriptions

For the purpose of -these dssessments, it is assumed that a repository at
Yucca Mountain would be constructed -in the primary area of investigation
(Section 6.3.3.2) of roughly 890 hectares (2,200 acres). The underground
working areas would be 200 meters (656 feet) or more below the surface-in the
lower portion of the densely welded Topopah Spring Member (Figure 6-25) of
the Paintbrush Tuff. The present repository concept specifies that 616 hec-
tares (1,520 acres) are required for the repository, and mined areas will
occupy no more than 25 percent of the total area. It 1s assumed that the
waste will be emplaced as 10-year—old spent fuel and will reach a total of
70,000 metric tons of heavy metal (MTHM) at closure. The radionuclide inven-
tory 18 given in Table 6-47.

The quantities of radiocactive waste and the associated radionuclide
inventories that would actually be emplaced in the reposltory have not yet
been established, and the amount of spent fuel emplaced could be less than
70,000 MTHM. Other wastes may be emplaced in the repository 1in addition to
the spent- fuel. Thesé other wastes may include high-~level wastes currently
in storage at West Valley, New York, and defense waste processing facility
high~level waste.

These wastes have been explicitly factored into the transportation -
analyses in Section 5.3, However, the curie inventories of these wastes
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Radiovuclide inventory in repository at 340 and 1,060 years

aftev emplacement of 10~year-old spent fusl

Table 6-47,
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10 years out of reactor, i.e,, the assumed time of emplacement; values

300 or 1,000 years after closure, i.e., 360 or 1,060 years out of
reactor, assumlng a 50-year operations perilod before closure; values

MTU = metric tons of uranium; Ci/g = curies per gram.

a
b
taken from tables 3,3.7, 3.3.8, and 3.3.10 of DOE, 1979; once-through-reactor

cyclg.

calculated from 10-year inventories and rounded to 2 significant digits.
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would constitute less than 1 percent of total repository inventory and would
not have a significant incremental impact on repository performance. There~
fore, these other wartes are not explicitly evaluated here.

The waste dispos']l system consists of three major ccaponents: (1) the
waste package; (2) the mined repository, including any cuagineered features
that are specifically intended to enhance long~term was: e contalnment or
isolation; and (3) \he geohydrologic and geochemical s« ting of the site.
These three components are described bhelow in terms of thelr subcomponents
that are relevant to postclosure performance. '

6+4.2.1.1 Engineered barrier subsystem

The waste package

A reference conceptual design (0'Neal et al., 1984) for a spent fuel
waste package is shown in Figure 6-28. The waste dispusal container. is
70 centimeters (28 inches) in diameter, but 1its length, including the pintle,
may vary from 4.0 to 4.75 meters (13 to 15.6 feet) to accommodate varjous
lengths of fuel rods. The contalner is fabricated from austenitic stainless
steel with a wall thickness of 1 centimeter (0.4 inch). This design will
accommodate the fuel vrods from 7 pressurized~water-reactor assemblies
(3.30 kilowatts) or 14 boiling~water-reactor assemblies (2.66 kilowatts); the
fuel rods would be removed from the original assembly hardware and congol-
idated to fit in the waste disposal containers. The power loadings of 3.30
and 2.66 kilowatts are consistent with a 350°C (662°F) temperature limit
imposed to aveid degradation of the Zircaloy cladding around the spent fuel
(0'Neal et al., 1984), If it is assumed that the initial thermal loading of
the repository is held to 119 kilowatts per hectare (48 kllowatts per ac¢re),
then about 18,000 containers would be distributed over 510 hectares
(1,260 acres).

The design shown in Figure 6-28 is the least complicated of the selected
reference and alternative design configurations for this spent fuel waste
package (O'Neal et al., 1984). The waste disposal container would be
emplaced in a single vertical borehole, and neither an overpack nor packing
material would be used.

Austenitic stainlesgs steel has been chosen as the reference material
because of its excellent corrosion and oxidation resistance in environments
similar to those anticipated in the Yucca Mountain repository during the con-
tainment period. The corrosion and oxidation behavior of one austenitic
stainless steel, AISI 304L, has been extensgively studied. Test results to
date indicate that either uniform corrosion or stress corrosion cracking is
the expected failure mode for this material in the dominant environmental
conditions in the Yucca Mountain repository. More highly alloyed grades of
augtenitic stainless steels (AIST 316L and 321) and the related high-nickel
austenitic alloy (825) are also being tested as candidate container
materials; these alloys are very regsistant to localized and stress—agsisted
forms of corrosion (pitting, crevice, intergranular, stress corrosion
cracking, hydrogen embrittlement). Any of these austenitic materials can be
used for fabricating the disposal containers illustrated in Figure 6-28. The
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BOREHOLE
76 CM DIAMETER

'

PINTLE

16.5
WASTE
DISPOSAL
CONTAINER WALL
| — THICKNESS
1 CM
§ 400 TO 475 CM ¥ '
70 CM
OUTSIDE
DIAMETER
AIR GAP
THICKNESS
3 CM

2.54 CM =1 INCH

Figure 6-28. Reference conceptual design for spent fuel waste disposal
container. From O'Neal et al. (1984),
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effects of different fabrication and welding processes on the corrosion and
oxidation performance .f the container materials are being studied. So far,
tests in the expected Yucca Mountain environments have shown no evidence of
localized or stress~assisted corrosion. Tests to qualif the candidate
container materials are continuing, but because such t:sts have not
demonstrated any failvure of 304L by stress corrosion cra:¥ing, even under
extreme cold-worked, ransitized, and highly stressed conditions, the modeling
of containment-barrie: lifetime will be based on uniforw : irrosion, which is
known to occur at nmeasureable rates. However, the role o stress corrosion
cracking remains a subject of further study.

Copper and copper-bise alloys serve as an alternative wiloy system to the
austenitic materlals. Expected corrosion degradation mechanisms and the
environmental conditions that cause them are different or copper from those
on stainless steel. Alloying additions improve the reslstance of copper to
corrosion in the expected oxidizing environments. High-purity copper
(CDA 102), aluminum bronze (CDA 613), and 70/30 copper-nickel (CDA 715) are
being tested. Some nodification to the present referenc: and alternative .
waste package designs may be needed for copper containers. ‘

The mined repository

By the Nuclear Regulatory Commission (NRC) definition, the engineered
barrier consists of the waste package and the underground facility of the
repository. These two components combine to provide long-term containment
and to control the release of the radioactive material into the geologic
setting.

The outer boundary of the mined repository has not yet been clearly
defined. The NRC states ian 10 CFR Part 60 (1983) that the repository
ineludes the underground structure, underground openings, aund backfill
materials but excludes shafts, exploratory boreholes, and their seals. ' For
the current calculations, the boundary of the engineered barrier subsystem is
defined as a surface coinciding with the walls of the waste—emplacement
drifts and emplacement holes.

At present, preliminary hydrologic information and preliminary design
data are available to predict the effects of the engineered barrier subsgystem
on water avallability at the waste disposal container. While estimates of
the retardation that occurs inside the boundary of the engineered barrier
subsystem could be made, the release rate at the accessible environment would
not be significantly affected because the major sorptive unit 18 the tuff-
aceous beds of Calico Hills, which is some distance below the repository
horizon. In future performance analyses, the host rock immediately sur-
rounding the waste disposal containers could be treated either as part of the
engineered barrier or the natural barrier subsystem.

6.4.2.1.2 The natural barrier subsystem (the geohydrologic aetting)

This preliminary analysis 18 directed at two components of the natural
barrier subsystem: ground~water and geochemical conditions. The most impor-
tant aspects of these components are (1) the volume and flow of water in the
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saturated and the unsaturated zones of Yucca Mountain and (2) the geochemical
properties of the roc*s and waters of Yucca Mountain as they relate to the
potential solution, cuspension, complexing, and transpori of radionuclides by
the ground water.

The avallable information on the flow of water in th. saturated and the
unsaturated zones of Yucca Mountain is reviewed in Sectiva 643.1.1. Briefly,
the flow of water cocurs 1n a thick unsaturated secti.y (about 500 to
750 meters, or 1,640 to 2,460 feet thick) and a deep su urated zone. The
host rock for the repository 1s in the unsaturated zone &énd is characterized
by low water content; the repository horizon is generul.y over 200 meters
(656 feet) above the witer table.

Water enters the unsaturated zone in the form of precipitation that
infiltrates at the land surface and percolates generally vertically downward
until it reaches the water table. The flow rate of the percolating water is
determined by the rate of infiltration and by the hydraulic properties of the
rocks in the unsaturated zone as described in Section 6.3.1.1. On reaching
the water table, the ground water then moves in a gencrally horizontal
direction to the accessible environment. 1t is driven by a hydraulic gradi-
ent approximately equal to the slope of the water table and 1s controlled by
the hydraulic properties of the intervening rocks. It 1s probable that a
portion of the ground-water flow in the saturated zone at Yucca Mountain
occurs through fractures in the welded units.

The available information on the geochemical properties of the Yucca
Mountaln site 1s reviewed in Section 6.3.1.2. Between the repository horizon
and the water table, there are several zones containing highly sorptive min-
erals, particularly zeolites and ciays. The formations in the satyrated zone
also contaln varying amounts of clays and zeolites. Because of the sorptive
properties of these rocks, dissolved radionuclide~bearing compounds may be
transported at effective speeds that are generally less than the local pore-
water velocity; this is particularly true 1if flows are confined to the matrix
of the rocks. The reduced speed results in a transport time over the sanme
flow path that is longer than the water-flow time by a number known as the
retardation factor, R_. (Equation 6-2). The retardation factor for the jth
radionuclide species, Rf(j), is related to the distribution coefficient for
the jth species, Kd(J), by the expression (Freeze and Cherry, 1979)

bulk density x Kd(j)

Re(3) = 1 + . (6-4)

porosity

Estimates of distribution coefficients (also known as the sorption
ratios, R,) and retardation factors are listed in Table 6-25 for several
waste elements in six of the tuff units that could be crossed by flow in the
unsaturated and the saturated zones. These estimates are based on retar-
dation by sorption. Other chemical and physical retardation mechanisms, such
as precipitation and matrix diffusion, may increase the effective retardation
factor, especlally for elements with low sorption ratios. The waste elements
with low or zero sorption ratios, hence small retardation factors, are
carbon, lodine, and technetium. These few elements will be transported with
a speed nearly equal to that of the ground water, unless they are.slowed by
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physical retardatioan mechanisms or nonsorptive chemical retardation. This
poasibility is currently under Iinvestigation.

6+4.2.2 Preliminary performance analyses of the major components of the
system

The performance of each of the three major componan.i of the waste dis-
posal system is evaluated here. The results will be us~d in Section 6.4.2.3
to establish a reference gystem configuration and 1n Se tion 6+4.2.4 to make
comparisons with regulatory performance objectives,

In the remaiander of this section, and unless ctherwise stated, the use
of the term accegsible environment is consistent with 40 CFR Part 191 (1985)
and means those parts of the lithosphere and atmosphere that lle at a maximum
distance of 5 kilometers (3 miles) in any direction from the original loca-
tion of the radioactive waste.

6+4.2.2.1 The waste package lifetime

For the waste package, the Nuclear Regulatory Commission has provided a
performance objective that calls for substantially complete containment of
radioactive wastes for 300 to 1,000 years. For purposes of the present
analyses, the containment period of the waste package 1is assumed to be the
time during which the waste disposal contalner is impervious to liquid water.
There is, of course, a period of time during which temperatures within and in
the vicinity of the containers exceed the boilling point of water, and no
liquid water would contact the waste regardless of the integrity of the
containar; that period of time 18 not counted in the present analyses.
Rather, the lifetime of the reference container is assessed in terms of its
reslstance to uniform corrosion, the expected failure mode of austenitic
stainless steel (see discussion of the waste package in Section 6.4.2.1).
Estimates of the uniform corrosion rate for this and other materials have
been made based on data from short~term exposure tests that attempt to
slmulate the Yucca Mountain envirooment. In addition, there are considerable
data in the literature concerning the corrosion properties of 304L stainless
steel.

In low~salinity, aerated water with a nearly neutral pH, the uniform-
corrosion rate for 304L g&ainlesa steel appearsﬁ&o be less than 0.1 mil per
year, or about 2.5 x 10 " :centimeter (1.0 x 10 = inch) per year (Paul and
Moran, 1963). If uniform corrosion 18 the only mechanism that acts to breach
the waste disposal container, its lifetime will be about 3,000 years. 1In
contrast to these results, McCright et al. (1983) have observed a maximum
rate of 3.7 x 10_
centimeter (1.5 x 10-5 inch) per year for the uniform cor-
rosion of 304L stainless steel in 2-month exposure tests. In their tests,
the sample was immersed under pressure at a temperature of 105°C (221°F) in
water from a well in the vicinity of Yucca Mountain (Well J-13) and simul-
taneously was subjected to a radiation field of 3 x 10~ rads per hour. The
contalner lifetime under these conditions would be about 30,000 years.
However, McCright et al. (1983) conclude that a conservative upper limit of
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1 x 107% centimeter (4 x 1072 inch) per year is reasonable for the uniform

corrosion of 304L staj.less steel in the Yucca Mountain environment and that
the expected containav lifetimes are accordingly on the order of 10,000
years.,

In summary, the containment period of the waste packigje could range from
3,000 to 30,000 years if waste disposal container failure ttrough mechanisms
other than uniform corrosion can be confidently excluded ‘rom consideration.
Since sufficient data on the vulnerability of candidate o¢ntainer alloys to
failure mechanisms other than uniform corrosion are not 2t available, the
lower bound on the range of waste package lifetimes, 3 (0D years, will be
adopted for the analysis of the reference case in Section $H.4.2.3 to achieve
some degree of coaservatism.

6.4.2.2.2 Release rate from the engineered barrier subsystem

As stated in Section 6.4.2.1, the elements of the rzpository that would
make up the engineered barrier subsystem at the Yucca Mountain site are not
yet rigorously defined. To facllitate the present assessments, the inner
boundaries of this subsystem are assumed to coincide with the outer
boundaries of the waste packages, and the rate of radionuclide release from
the engineered barrier subsystem is calculated as the rate of mass Cransport
across the geometrical envelope containing the waste packages.

As long as the uncorroded thickness of the waste disposal container
walls was at least a few microns, there could be no significant mass transfer
from the interior of the container to 1its exterior; hence there would be
little or no release of nonvolatile, radionuclide~bearing compounds. But, at
some time (3,000 to 30,000 years), corrosion or other mechanisms will have
attacked the container walls long enough to have produced openings of suffi-
cient size to permit the free passage of water between ‘the interior  and
exterior; water could then contact the spent fuel rods inside the container.
The amount of water that could flow into the container is limited, however.
Given the assumed prevailing, downward flux in the rock surrounding the waste
emplacement borahole, the discharge of water into the container (and, in
steady flow, out of the container) could be no more than FA (in cubic meters
per year), where F is the flux (in meters per year) and A is the container
area normal to the flux (in square meters). Thus, fog an expected flux of
less than 0.5 millimeter (0.02 inch) per year (F = 10 ° meters per year) and
a vertically emplaced reference container (A = 0.33 square meter), no more
than 0.17 liter (0.04 gallon) of water per year could enter (and exit) the
waste disposal container.

Any water that penetrates the waste disposal container could contact the
Zircaloy-clad fuel rods. The Zircaloy cladding could offer further pro-
tection of the bare spent fuel, but the amount of protection 1s uncertain,
particularly over the long term. Woodley (1983) examined the characteristics
of gpent fuel from light-water reactors and estimated the cladding failure
rate for boiling-water—reactor fuel designs to be between 1.0 percent and a
value approaching zero. The lower bound for cladding failures will probably
remain near 0.0l to 0.02 percent (Locke, 1975; Garzarolli et al., 1979)., In
any case, spent fuel cladding will not be 100 percent intact at emplacement-
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In the present assessments, any protection offered by the cladding will be
ignored., Thus, it is arsumed that any water penetrating the container will
always contact the bare waste form contalned within the Zircaloy cladding,
leading to some dissolu“ion of the waste and mass transfer from the waste
form to the liquid phase in the form of soluble compounds containing
radlonuclides.

According to available data, the possible mass—transf: - rates from spent
fuel to water could vary from essentially zero (for intact “ircaloy-clad fuel
rods) to more than 1 part in 100,000 per year for bare f: 2 elements. The
latter rates are, however, extremely unlikely under Yuccs Mountain condi~
tions. Wilson and Oversby (1984) report the initial result(s from tests of
spent fuel cladding contginment. Solution concentrations indicate a uranium-
release rate of 5 x 10 per year from bare fuel (pellets from a
13—centimg§er (5-inch) 1long rod segment) submerged in 250 milliliters
(6.6 x 10 “ gallon) of deionized water and a release rate of 2 x 10 ~ per
year for plutonium. These results are similar to release rates measured by
Stroes~Gascoyne et al. (1985) in a study of the long~term dissolution of
spent fuel in distilled water at 25°C (77°F). Similar stuaies by Wilson and
Oversby (1984) suggest that release rates from spent fuel samples with rela-
tively large artificially induced cladding defects are stiil 10 to 100 times
lower than the release rates from bare fuel. These mass~transfer rates are
high enough to suggest that, under the low-flux conditions of Yucca Mountain
where water could remain in contact with the waste form for relatively long
times, use of a saturation-limited diesolution model is justified. In fact,
under saturated conditions in release-rate experiments (Wilson and Oversby,
1984), with high ratios of water volume to waste-form area, solution concen-
trations appear to reach a steady state in less than 30 days. For the large
flux values that would be typical of fracture flow (considered unlikely at
Yucca Mountain), solubility kinetics may control the release rate, and a
saturation-limited dissolution model would overestimate the rates. Another
control on the release rate is the rate at which dissolved compounds at the
waste~water interface can diffuse into the flowing water (see Sec-
tion 6.3.1.2, favorable condition 4). In saturation-limited dissolution,
neither kinetlcs nor diffusion are accounted for, and each unit volume of
water that contacts a soluble compound is assumed to attain a solution
concentration of that compound no less than $ kilograms per cubic meter,
where S is the solubility (or solubility 1limit) of the compound in the
solvent under consideration and 18 a quantity depending on many environmental

variables (e.g., temperature, pressure, concentrations of other solute
compounds) . : :

The foregoing counsiderations suggest a way of using the saturation- -
limited dissolution model to estimate the rate of mass transport across the
engineered barrier system. Taking a single waste disposal container
(described in Section 6.4.2.1) as the unit of inventory, the rate of mass
loss from the engineered barrier owing to dissolution of the spent fuel
matrix, M, should be no more than the expression, M = FAS, where, to.
reiterate, F is the flux of water (in cubic meters per square meter per
year), A 1s the container area normal to the flux (in square meters), and S
is the solubility limit of the waste matrix (in kilograms per cubic meter).
If the upper bound on flux is 0.5 millimeter per year (5 x 10 = meter per
year), A =_9.33 square meter (a vertically emplaced reference container), and
S =5 x 10 © kilogram per cubic meter, an upper limit on the solublility of:
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uranium dioxide 1in ¢aters characteristic of Yquf Mountain (Ogard and
Kerrisk, 1984), the :ate of mass loss is 8.3 x 10 ~ kilogram per wear. For a
container that is scsumed to hold 3.3 mgtric tons of heavy metal, the
fractional mass relesase rate 1s 2.5 x 10 ~ per year. The rate of mass loss
in the form of a radionuclide~bearing compound may also ve estimated in the
same way if S, the sslubility limit of the waste matrix, 1s replaced with the
smaller of the twe quantities, solubility limit of was:: matrix and solu-
bility limit of the radionuclide~bearing compound, and : bhe resulting frac-
tional mass release rate 1is multiplied by the mass of the radionuclide
remaining in the waste disposal container. For those radionuclide species
having solubility limits greater than the solubility o. “he waste matrix, the
fractional release rave 13 seen to be the same as the fr ctional mass release
rate that applies to the total inventory of the containe:r. The solubilities
of several waste elements are listed in Table 6-26. With the exception of
carbon, cesium, technetium, and iodine (not shown), all solubility values are
less than or comparable to the value for uranium oxide.

Flux—-dependent rates of mass loss of the type just described will be
adopted for the analyses 1in Section 6.4.2.3; but they ire not suitable for
making conservative estimates of fractional release rates for purposes of
comparing with the Nuclear Regulatory Commission objective for radionuclide
releases from the engineered barrier system (generally, no more than one part
in 100,000 per year). The rate-~of-mass~loss formulation described above does
not include mass loss of those solid phases that are not contained in the
spent fuel matrix. Oversby and McCright (1984) have described the likely
locations and amounts of radionuclides that reside outside of the bare, spent
fuel pellet. They postulate that four components of the lnventory should be
considered in calculating release rates:

1. Radionuclides with releases controlled by matrix dissolution.
20 Radionuclides present in part in the pellet—cladding gap.

3. Radionuclides presént in steel spacers and grids. |

4, Radionuclides contained in the fuel cladding.

The saturation-limited dissolution models account for component (1), the
overwhelming majority of the inventory. The radionuclides of component
(2) (cesium, iodine, and possibly technetium) usually amount to less than
1 percent of their total inventory. The high leach rate for cesium=137
observed by Stroes-Gascoyne et al. (1985) in sections of bare spent fuel is
probably a consequence of the segregation of a small fraction of the cesium
inventory in component (2). In any case, the small fraction of the inventory
residing in component (2) can be ignored in calculations of the long-~term
release at the accessible environment. The most significant radionuclide
present in components (3) and (4) is probably the carbon-~l4 contained in the
cladding. 1In the present analyses, all carbon-14 1s assumed to:be imbedded
in the spent fuel matrix. : : :

Ground~water travel times

Estimates of ground-water travel time from the repository to the acces-
sible environment will be needed for the analyses in Section 6.4.2.3. These
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estimates are directly taken from the arguments in Section §.3.1.1.% that use
various lines of reasoning and evidence to show that (1) 0.5 miilimeter
(0.02 inch) per year ‘s a reasonable and conservative upper bound on flux to
use in calculating u-saturated zone, pre-waste-emplacement travel time;
(2) flux below the re—osgltory horizon can be regarded as vortical and faults
are not known to be continuous pathways from the repository to the water
table; and (3) trave! times between a point 50 meters (1) feet) below the
centerline of the repository and the water table take o - a distribution of
values (at 0.5 millimeter (0.02 inch) per year, the mean travel time is
43,405 years with a standard deviation of 12,800 years) The travel times
through the saturated zone to the accessible environmeri S5 kilometers

(3 miles) from the margin of the repository were also :stimated in
Section 6.3.1.1.5 but will not be taken into account in tne calculations of
Section 6.4.2.3.

As explalned in Section 6.3.1.1.5, a distribution of ground-water travel
times is obtained when one takes into account the varlable thicknesses of the
rock units and the natural variability of hydraulic properties (e.g., effec-
tive porosity, saturated matrix conductivity) within each unit. The distri~-
bution of ground~water travel times may also be interpreted as the proba-~
bility that a nonretarded contaminant particle, which is released at a ran-
domly selected point in the repository, will reach the accessible environment
in a specified time 1nterval following release. The use of such distribu-
tions of ground-water travel times in the calculations of the reledse of
nonretarded, radionuclide-bearing compounds in Section 6.4.2.3. improves the
realism of such calculations, since part of the effects of hydrodynamic dis-
perslion can be included (Freeze and Cherry, 1979).

Reference retardation factors

Point estimates of porous-flow retardation factors in the welded and the
nonwelded tuff units will also be needed for the analyses in Section 6.4.2.3.
These estimates are shown in Table 6-48; they are consistent with the geo-
chemical properties of the tuffs at Yucca Mountaln described in Sectien
6.3.,1.2, although the estimates of retardation factors were based on dif-
ferent rock densities and hydrologic parameters. To be consistent with the
theory of flow in partially saturated porous media, moisture contents were
used in the formula for R. given in Section 6.4.2.1.2 in place of porosity to
generate the estimates of the retardation factors in Table 6-48., Also, bulk
densities of 2.33 and 1.48 grams per cubic centimeter were assigned torwelded
and nonwelded tuff, respectively based on Scott et al. (1983); these values
of bulk density are different from the value (2.5 grams per cubic centimeter)
assumed in Table 6-25. A comparison of the two tables, 6-48 and 6-25, shows
that the resulting differences in retardation factors are not large and, as
will be demonstrated in Section 6.4.2.3, are not essential to the present
analysis. The largest source of uncertainty in the retardation factor is the
distribution coefficient, which may vary by factors of 10 orxr even 100
(Daniels et al., 1982), though it is unlikely that the spatially averaged
distribution coefficients could be overestimated by factors of 100. The
estimates glven in Table 6~25 are believed to represent spatial averages.

A gstudy of Table 6~48 reveals that all important radionuclide-—bearing

compounds, except those containing carbon, 1iodine, or techfietium, have

L
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Table 6-48, Distrivution coefficlents (sorption ratios) and calculated
retardation factors used in preliminary system performance
angly+es--reference case

Distribution
coefficlent,a Kd Retardagion
(ml/g) factor, R gj)

Element Welded Nonwelded “V2lded Nonwelded
Anericium (Am) 1,200 4,600 8,000 24,000
Carbon (C) ¢ 0¢ ! 1
Curiun (Cm) | 1,200 4,600, 28,000 24,000
Cestum (Cs) | 200 7,800 . 6,700 41,000
Indine (1) Y B T
Neptundwm (Np) 7. U0 e ss
Protactinium (Pa) . . . .6k . 10 1500 . . 740
Lead (BB . . . . oosd st e e
Plutonium (Pu) S 1o 50 740
Radium (Ra) 25,000° 25,000° 580,000 130,000
Tin (8n) O et 100d 2,300 530
Strontium (Sr) . sy 3,900 1,200 21,000
Tecﬁnetiuﬁ (Te) vfi» | fﬁft fl,fiﬁla : 'j~; Oc ; iétf l   1"
thordum (Th) - . . . .s00®  s00 12,000 . 2,600
Urantum (0) 1. h e e L8 s s
zircontum (z£) . o . s00d  .s00° 12,000 2,600

“Unless otherwise. indicated, distribution coefficients (sorption ratios)
were taken from Table 6-~25 or were inferred from the sorption ratios quoted
by Dgniels et al. (1982); ml/g = milliliters per gram.

Calculated using values of moisture content of 10 and 28 percent and
bulk densities of 2.33.and 1.48 grams per cubic centimeter for welded and
nonwelded tuff. ‘ S ,
dNo data available; assumed to be 2ero.

Inferred from the mid-range retardation factor for tuffs in compilation
in Table 7-=1.4in.National Resedrch Council (1983).
Barium used as a chemical analog.
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retardation factors greater than 10, Consequently, carbon, iodine, and
technetium can be re-gonably assumed to have transport-time distributions
identical with the uater travel-time diatvibutions deecribed in Section
6.3.1.145, whereas tie transport-time distributions for the dissolved
compounds bearing the other radionuclides specles are ewpected to be the
water travel-time distribution uniformly shifted to larg::. timeg by a factor
approximately equal 0 the average retardation factor fo: the combination of
rock units crossed by the flow. The latter expectation has been tested for
uranium using the retardation factors shown in Table 6- .3 and the numerical
simulation of ground-water travel described in Section 6 3.1.,1.3; the sample
mean of the transport-~time distribution for uranium wa: 452, 303 years, and
the standard deviatlo" was 77,115 years. This result ¢ ggestsa that cumu-
lative releases »f uranium (and also any radionuclide with a petardation
factor greater than that for uranium) would be miniscule, even over a
100,000~year. period, and that all species. except carlon, iodine, and
technetium can be ignored in the calculations of release to thé accessible
environment that will be presented in the following section.

6.4,2.3. Preliminary system performénce analysis

The purpose of this section 18 to provide information for ‘the prelimi-
nary evaluation of the Yucca Mountain site against the postclosure system
guldeline (Section 6.3.2). The purpose 1s accomplished by uding simple
methods, available information, and the results of the preliminqry subsystem
performance analyses in Section 6.,4.2.2 to estimate the performance of the
total system. The measure of total system performance will be. given by the
cumulative curies released to the accegsible environment in thd; form of the
jth radionuclide up to time t after repository closure. Times beyond 100,000
years after closure are not Lonsidered in these anaiysea.'

6442 3 1 System description :

A simple conceptual model of the proposed waste disposal system at Yucca
Mountain is shown in Figure 6~29, The ‘level of detail in thig conceptual
model {8 consistent with the present knowledge of the. naturai and the
engineered barrier subsystems, as well as the information: available on the
components of the waste disposal system (i.e., the waste package, the mined
repository, and the geologic setting). The mathematical relatipnships used
to quantify the conceptual model of the total system in these:preliminary
analyses are consistent with the level of detail in that conceptual model.

The waste package and the mined repository components descyibed in Sec~-
tion 6.4.2.1 are contained in the "repository” shown in Figure!6-29. The
waste packages are assumed to be uniformly distributed throdghout the
repositery. The radioactivity—release rate C, in curies per year from each
waste package is given by Y ;

& =af (On S (6-5)
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where a, is the spec¢ific activity for the jth radionuclide and f,{t) 1s the
fractic% of the inven_.ory mass that remalns at time t in the form’ of the jth
radionuclide. The ¢uantity M is the mass release rate from the engineered
barrier subsystem des<ribed in Section 6.4.2.2. Note that the releases of
the small fraction of the inventory contained in the pel’..t-cladding gaps are
ignored. The total vadloactivity release rate from the .ngineered barrier
subsystem to percolsat.ing ground water 1s simply the re.case rate from a
single waste package times the number of waste packages In effect, the
repository is treated as a planar source term for solut=: Injected into the
unsaturated zone flux.

Water flow through the overburdan and the unsaturat. 4 tuffs below the
repository is assumed to be uniform and downward; the fluvi 1s treated as a
model parameter that applies only at or below the level of the repository.
Flow in the unsaturated zone is as described in secticus 6.3.1.1.5 and
6.4+2.2.2, The water flow time in the saturated zone has been ignored
because adding the saturated travel time makes little difference in the total
travel time, although retardation in the saturated zone would be expected to
delay radionuclide transport.

The calculational model used to estimate the transport of radionuclide~-
bearing compounds from the disturbed zone through the unsaturated tuffs and
to the water table is a modification of the model that was used to calculate
releases in the draft version of this document: In brief, the model is basi-
cally the analytic solution to the one~dimensional dispersionless transport
equation for a single-member decay chain (for example, see Harada et al.,
1980) with Equation 6-5 representing the time-dependent initial conditions on
radionuclide release at the repository level. The analytic solution gives
the cumulative, total discharge to the water table (in curies) of one of the
three nonretarded species, carbon, 1odine, and technetium, as a function of
time since closure and of travel time (which is treated as an independent
variable in this formulation). The distributions of travel times obtained in
Section 6.3.1.1.5 are then used to calculate the expected cumulative dis-
charge of each of the three nonretarded radionuclides up to 10,000 and
100,000 years after closure by integrating the product of the analytic
solution and the travel~time distribution over all travel times. For the
sake of analytical simplicity, the travel-time distribution is assumed to be
normal 1n these calculations with mean travel times and standard deviations
given by the sample means and standard deviations obtained in the numerical
simulations of Section 6.3.1.1.5. However, an inspection of the empirical
distributions obtained in Section 6.3.1.1.5 show that the travel-time dis-
tribution accounting for all travel-times from the disturbed zone to the
water table is not a normal distribution; it is skewed towards longer travel
times more than would be expected for a normal distribution (see Figure 6~7).
The effect of the normal-distribution approximation on the results of this
evaluation is therefore to overestimate the curies released to the water
table over 10,000 years and slightly underestimate curies released over
100,000 years. The reader is cautioned that this simple calculational model
has not been benchmarked or validated, but it has been shown to produce
results that agree with more conventional solutions to radionuclide-transport
problems,

In the remainder of this section, the performance of the system in two
configurations will be calcylated with the simple conceptual model just
described. The two configurations are as follows:
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1. Reference coafiguration: The reference configuration for the total
system 1s Intended to represent conservative estimates of values and
conditions taat can be supported by the analyses of subsystem and
component pacformance in Section 6.4.2.2, The refergnce values and
conditions developed in Section 6.4.2.2 are collinted and summarized
in Table 6~4Y.

2. Performance: limits configuration: The performa :e-limits configura~
tion is the same as the reference case except tn.t the waste package
lifetime is limited to 300 years and the frac:ional release;gate
from the engineered-barrier subsystem 1s varie zbout 1 x 10 per
year, the upper limit on fractional release re¢ .es defined  in
10 CFR 6C.113 (1983).

6.4.2.3.2 System analysis

The estimated radioactivity releases to the accessible environment by
the model system in the two configurations are listed in Table 6~50. For the
reference configuration (upper bound flux value of (.5 millimeters
(0.02 inch) per year), the fractional release rates were assumed to be pro-
portional to the flux, and to occur according to the simple model of the rate
of release from the engineered barriar subsystem (Section 6.4.2.2).

For the performance-limits configuration, calculations wegg made for
three valggs of thg release rate that were varied about 1 x 10 ” per year
(tvev, 10 ° to 10 "); the flux in the performance~limits configuration is
arbitrarily set at the upper bound of current flux estimates, 0.5 millimeter
(0.02 inch) per year, which corresponds to a physically defensible release
rate of about 2.5 g4§0 pgﬂ‘year (Section 6,4.2.2). In order to achieve
release rates of 10 ~ to 10 per year at this flux, the solubility of the
uranium oxide matrix would Qave to be 100 to 10,000 times larger than the
largest value (about 5 x 10 “ kilogram per cubic meter) applying to Yucca
Mountain waters (Ogard and Kerrisk, 1984). Such a circumstange is clearly
not credible. Fractional release rates briefly exceeding 107" per year are
theoretically possible for the less than 1 percent of the inventories of
cesium, lodine, and possibly technetium that are believed to reside in the
pellet-cladding gaps of the spent fuel (see Section 6.4.2.2.2), but the
average fractional release rate for these components will probably be bounded
by the unknown fallure rate of the Zircaloy cladding. In any case such
sporadic release of less than 1 percent of the inventories of cesium and
iodine would have little effect on the releases to the water table indicated
under the performance-limits case in Table 6-~50.

6.4.2.4 Comparisons with regulatory performance objectives

In this section, the results of the preliminary subsystem performance
analyses, Section 6.4.2.2, and the preliminary system performance analyses,
Section 6.4.2.3, are compared with applicable regulatory performance objec-
tives. The comparisons are not intended to definitively show that the per-
formance of the subsystems and the total system will meet applicable
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Table 6~4%. Summary of values and conditions used in preliminary
system performance analysis

Reference case

Item (upper bound flux value) Uncertaintya
Waste package lifetime 3,000 yr 3,000 to 30,000 yr
Fractional relea:e rate 2.5 % 10"9 per yr 0 to 2 x 10-9 per yr
from engiqeered barrier
subsystem"
Flux through repository 0.5 mm/yr® 1 x 10"7 to 0.5 mm/yf‘”
level )
Expected water~flow timeg 43,270 yr 30,470 to 56,070

between disturbed zone
and water table

Retardation factors for " (see Table 6-48) ' ''Consistent with as
unsaturated tuffs - _ much as 15 times:;-
s ‘ more or less than ' °
Table 6~48 values
for distribution
coefficlents

Vo
{

gRange of uncertainties in the analyses of components (Section 6.4.2.2).
See Section 6.4.2.2; release rate depends on flux; spent fuel dissolu-
tionconIy (for vertical emplacement).
Seéction 6.3.1.1 reportsd a matrix flux of less than 0.5 millimeter
(0.0g inch) per year.
Digturbed zone 1s assumed to be approximately 50 meters (160 feet) below
center plane of repository; see Section 6.3.1.1.5. N
These numbers are means of ground-water travel time distributions; full
distyibutions were used in actual calculations, ‘
Data from Daniels et al. (1982).

regulations. Rather, the regulatory criteria are used to detect areas that
require increased study or emphasis. The comparisons may ‘also ihcreasg or
decrease levels of confidence in the ability of the subsystems and the total
system to eventually meet the regulatory performance objettives.

The comparisons are presented in Table 6-51, which lists some of the
applicable regulatory criterla, briefly summarizes their content, and pre-
sents the relevant findings of sections 6.4.2.2 and 6.4.2.3. Several
cautions are warranted: with respect to 40 CFR 191.13 and 191.16 (1985)
(items 1 and 3), the likelihood of exceeding the stated release limits is not
addressed by the analyses of Section 6.4.2.3, and both the conceptual and
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Table 6-50. Preliminary estimates of cumulative radicactivity released
to the accessible environment from a repository containing
70,000 metric tons of heavy metal

~

Cumulative radioac'.vity (curies) Isotope
Release rate jer year 10,000 years® 100,000 years" released

o i

REFERENCE CASE®
(upper bound flux of 0.5 millimeter per year)

(a) o lé x 1072 c-14
(d) 0 0.3 I-129
(d) | 0 97 ) 0 Te-99

PERFORMANCE~LIMITS CASEe
(not considered ,possible at Yucca Mountgin)

1x20® " 0 2.8 x 107} BV
6.2 3 I-129
| ! 1.9 x 10 Tc~99
1x 107 R 0 2.8 . C-14
G 6.1 x 10, 1-129

e Ch . : 1'9 X lQ TC\-99’_“"
1x 107t T 2.7 x 10} c-14
y 5.4 x 10% 1-129, .

1.7

X 10 TCF‘Q?A B

4The ground-water travel- time distributions calculated in Section
6¢3¢1.1.5 show a negligible but nonzero probability of travel times less than
10,000 years. Accordingly, the calculations of curies released to the
accessible environment in Section 6.4.2.3.2 predict releases by 10,000 years
that are not exactly zero, but are tiny fractions of the releases permitted
by the EPA regulation: for the reference case (upper bound flux value), the
curies released in 10,000 years are less than 0.00001 percent of permitted
releases; for6the threesartificial re%ease rates of the performance-limits
case, ! x 10 7, 1 x 10 7, and 1 x 10 per year, the curies released are
respectively less than 0.0002 percent, 0.002 percent, and 0.02 percent of the
perm%tted releases.
Note that all cumulative radioactivity values at 100,000 years are below
the releases permitted for 10,000 years by 40 CFR Part 191 (1985).
dSee Table 6~49 text for other parametsr values.
Fractional release rate 1s 2.5 x 10 ~ per year. .
Releage rate artificially varied; flux malntained at an upper bound of
0.5 millimeter (0. 02 inch) per.year. .

!
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Table 6-51.

analyses for a repository at Yucca Mountain

Comparison of regulatory criteria and the results of preliminary system performance

Regulatory criterion

Relevant stipulation

Predicted
system performance

40 CFR 191.13 contalnment

requirements

40 CFR 191.15 individual
protection requirements

40 CFR 191.16 ground-water
protection requirements

_processes and events...'

Teeocumulative releases of radionuclides ™
to the accessible environment for 10,000
years after disposal from all significant
* shall bhave a
likelihood of less than 1 chance in 10

of exceeding the quantities calculated
according to Table 1 (Appendix A).
"eeefor.1,000 years after disposal. Un-
disturbed performance of the disposal system
shall not camse the annual dose equivalent
from the disposal system to any member of
the public iam the accessible environment to
exceed 25 millirems to the whole body or

75 millirems to any critical organ.”

"se..for 1,000 years after disposal, undis-
turbed performance of the disposal system
shall sot cause the radionuclide concen-
trations averaged over any year in water
withdrawn from any portion of a special
source of ground water to exceed:

(1) 5 picocaries per liter of radium—226
and radium—228; (2) 15 picocuries per liter
of alpha—emitting radionuclides {(in-
cluding radium—226 and radium—228 but
excluding radon); or...”

Expected releases of
radionuclides teo accessi-
ble enviroanment for. .
100,000 years do rot
exceed release limits

. specified for 10,000 years

(Table 6-50).

Waste package lifetime

is expected to greatly
exceed 1,000 vears;
radiation that could
affect members of the
public would be totally
confined over this period
(Section 6.4.2.2.1).

Waste package lifetime

is expected to greatly
exceed 1,000 years;
soluble radionuclides . that
could enter ground waters
would be totally confined
over this period

(Section 6.4.2.2.1).
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Table 6-51.

analyses for a repository at Yucca Mountain (continued)

Comparison of regulatory criteria and the results of preliminary system performance

Regulatory criterion

Relevant stipulation

Predicted
system performance

10 CFR 60.113 ground-water
travel time requirements

10 CFR 60.113 waste package
containment requirement

10 CFR 60.113 long-term
release requirement for
engineered barrier
system

Pre-waste—emplacement ground-water travel
time shall be at least 1,000 years.

Containment of radioactive waste within the
waste packages will be substantially com—
plete for a period to be determined by the
NRC, but such a period shall not be less
than 300 years nor more than 1,000 years
after permanent closure of the geologic
repository.

The release rate of any radionuclide from
the engineered barrier system following the
containment period shall not exceed 1 part
in 100,000 per year of the inventory
present 1,000 years after closure.

Ground-water travel time
to accesslible envircoment
is expected to exceed
43,000 years

(Section 6.3.1.1).

Expected waste package
lifetime in the Yucca
Mountain environment is
3,000 years or more
(Section 6.4.2.3).

Time-averaged fractional-
release rates are expected
to be much lower in the
Yucca Mountain environment
than 1 part inm 100,000 per
year (Section 6.4.2.3)«
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mathematical mo els used in the analyses are oversimplified. With respect to
the 10 CFR 60, .3 (1983) requirements for the waste package lifetime (item
4), 1t could be argued that uniform corrosion and etress—corrosion cracking
would not be th. only mechanisms that contribute tec waste disposal container
degradation in the Yucca Mountain environment. (ther mechanisms could
involve the structural failure of the containers h:cause of instability of
the surrounding rock. A statistical model of cont- .ner breaching needs to be
developed; such a model would necessarily predict some small release well
before the mean lifetime of the container has e apred. This issue also
relates to the release rate of radlonuclides aftur the containmen: period
(item 5). The actual mass-transfer rate appears tc be proportional to the
area of the waste form exposed to flowing water through breaches in the
Zircaloy cladding. The wetted area of waste within the container probably
would rot increase abruptly, as postulated in the system analyses, but would
increase slowly and in a random fashion ag time elapsed.

The analysls of system performance in Section 6.4.2,3 represents the
performance of the undisturbed waste disposal sys.em. Uncertainties in
predicted system behavlor were not evaluated, and the posgibility that the
waste disposal system could be disrupted by unlikely natural events or
intentional human intrusion was not considered. These preliminary

asgsessments were performed with limited data and very simple conceptual
models.

The preliminary analyses indicate thst site characterization activities
and studies could profitably focus on the following key uncertalnties: .

1. Conceptual hydrologic models of flow in the unsaéurated zone at
Yucca Mountain. ( :

2, The expected physical and chemical environment in the repository foi'
10,000 years after closure.

3» The conditional waste disposal container lifetime distributions in .
the postclosure repository environment.

In addition, these and other assessments (e.g., Sinnock et al., 1984)
suggest that refinements in the theory of flow and transport in fractured,
porous unsaturated rock will be needed before adequate postcharacterization
assessments can be made. In particular, methods for treating the stochastic
aspects of flow and transport in fractured, porous media need to be developed -
in order to estimate the effects of hydrodynamic dispersion and chemical .
retardation on potential radionuclide releases to the accegsible environment.
A data base containing estimates of the mean values and other statistical .
quantities for key rock properties 1s also essential.

6.4:2.5 Preliminary evaluation of disruptive eveunts

The evaluations of the Yucca Mountain site against the postcloﬂuré tech~
nical guidelines (Section 6.3.1) contain assessments of the effaects of many , -
potentially disruptive natural processes on a repository at.Yucca Mountain.

I
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Some of the relevant assessments in that section sre summarized in this sec~
tion, which exds with a discussion of the likelihood and consequences of
human intrusi~n after closure.

6.4.2,5.1 Disruptive natural processes

Fracture {low

Travel tiune calculations in the unsaturav:! zone, presented in
Section 6.3.1.1.5 (Geohydrology), include fracture flow in intervals where
the flux of 0.5 millimeter (0.02 inch) per year is greater than the saturated
matrix hydraulic conductivity. However, no continuous fracture pathway from
the disturbed zone to the water table 18 included in the calculations.
Although the formation of new fractures is considered unlikely because of the
highly fractured nature of the potential host rotk, one of the disruptive
scenarios that will be considered 18 that of tie formation of a new
gtructural feature that could conduct steady hydrologic flow.

A qualitative consequence agsessment of such a feature indicates that
even 1a the most extreme case where the feature with steady flow develops
ingtantaneously after repository closure, there 1is likely to be no release to
the accessible environment through the water pathway in the next 10,000
years. Although very rapid transport of any dissolved waste would be
possible through the unsaturated zone, travel times in the saturated zone are
reported to be at least 140 years under current flux conditions and very
congervative assumptions (Sectlon 6.3.1.1.5). Conservative retardation
factors (see Section 6.3.1.2.3), which are based on the effectiveness of
matrix diffusion in the saturated zone, indicate that radionuclide travel
times are likely to be at least 100 times slower than water travel times,
This indicates that under current flux conditions, the saturated zone offers
a slgnificant protective barrler that will retard radionuclide transport so
that U.S. Enviroumental Protection Agency (EPA) release limits are not likely
to be exceeded at the accessible environment under even the most extreme
scenarios.

Climatlc changes

Under the most extreme climatic changes considered possible at Yucca
Mountain during the next 10,000 years, an estimated 100 percent increase in
precipitation during a full pluvial could increase recharge by as much as 15
times the present value of 0.5 millimeter (0.02 inch) per vear (see Sec~
tion 6.3.1.4.4 for complete discussion). It should be noted that this
scenario is highly conservative and may be unrealistic bacause as much as
two~-thirds of the increased precipitation may become runoff rather than
recharge. Increased precipltation 1s likely to cause increased flux and a
possible increase in the elevation of the water table beneath the primary
repository area. The potential effects of increased water-table altitude are
discussed in Section 6.3.1.4.4, where it is explained that even under the
maximum position of the water table, a sufficient thickness of unsaturated
zone will remain between the repository and the water table to mailntain
i1solation, In addition the protectlon from unacceptable radionuclide
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releases that 18 cffered by the saturated zone will be effective. As sum~
marized under the fracture flow discussion above, the travel time for radio-
nuclides in the siiturated zone is expected to be at iaast 100 times slower
than the travel t'me for water. This provides increased confidence that even
under the most extreme, low probability scenarios of ®» return to full pluvial
conditions very coon after repository closure, relesurs to the accessible
environment in 1,000 years are not likely to exceed :he EPA release limits.,

Extreme erosion

Erosion (Section 6.3.1.5) has_gtoceeded at Yucs: Mountain at a rate of
less than 1 v 107" meter (3.3 x 10 foot) per year ‘or the past 300,000
years. Using this rate gives 2.3 million years for the time required to
remove the minimum repository overburden of 230 meters (750 feet). Con-
sequently, eroslon without major vertical tectonic movement is not a credible

disruptive process at Yucca Mountain.

Dissolution

Dissolution (Section 6.3.1.6) of the host rock is not credible at Yucca
Mountain. The silica~rich tuffaceous rocks are insoluble under present and
expected physical and chemical conditions.

Effects of tectonism

Possible consequences of tectonism were considered in Section 6.3.1.7
(Tectonics), but none are likely to affect waste isolation: faulting is not
expected to create new ground-water pathways to the accessible environment or
to significantly lower the 1isolation potential of Yucca Mountain; the occur~
rence of basaltic eruptions at the site 1is considered unlikely, and other
changes related to such activity are even more unlikely. Although the region
surrounding Yucca Mountain has been tectonically active during the Quaternary
Period, there is no evidence of extreme activity at Yucca Mountain. The
largest historic earthquake within the geologic setting is reported in Sec~-
tion 6.3.1.7 to be a M = 6 located about 110 kilometers {68 miles) southwest
of the site. Recurrence intervals within the region are reported to be on
the order of 25,000 years for M > 7 earthquakes, 2,500 years for M > 6
earthquakes, and 250 years for M > 5 earthquakes. The potential effacts of
earthquakes on containment and isolation will be evaluated; qualitative
assessments suggest that ground motion associated with earthquakes is
unlikely to cause disruption of emplaced waste disposal containers.
Displacement assoclated with very large earthquakes could disrupt containers.
However, under current flux conditions, insufficient water is available to
dissolve and transport wastes in quantities that would exceed release limits
at the accessible environment (see Section 6.4.2.3.2). A further barrier is
offered by the retardation that 1s expected in the saturated zone, as dis-
cussed above under fracture flow and climate changes. Regarding basaltic
eruptions at the site, Crowe et al. (1982) estimate that the cumulative
probability that such evqﬂfs will disrug% the site within the next 10,000
years 18 between 4.7 x 10. " . and 3.3 x 10 "+« All these estimates lie near the.
probability limits beyond which disruptive events can be classified as not:
credible. -
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Human intrusion

Section 6.3 1.8 (Human interference and natural resouyrces) concluded
that there would be little incentive for resource exploration of the Yucca
Mountain site ia the near future. There are no kncva natural resources that
have or are projected to have in the foreseeable fi=uve a value great enough
to be considercd a commercially extractable regsour-:. Thus, -as long as.gome
records of rescurce distribution are avallable, it {s highly unlikely that
people will mine or drill at Yucca Mountain.

Limited watar resources are prasent but are unc- expacted to be amenable
to exploitation under current or future economic s:andards and needs. It
should be noted that the most likely result of excaessive ground-water extrac-
tion near the Yucca Mountain site i3 an increase in the thickness of the
unsaturated zone. Thus, in the unlikely event that these water resources are
exploited by future generations, the resulting increase in.the thickness of
the unsaturated zone would 1mprove the isolation potential of the site.

The population density in the area surrounding the Yucca Mountain site
is very low (See Sectlon 6.2.1.2). The rugged terrain, arid climate, lack of
surface water, and the deep ground-water table in the area:are likely to per-
sist in the future and to continue to limit the popalation density in the
immediate vicinity of Yucca Mountain. Therefore, scenarios for human instru-
sion which involve exploratory drilling that accidzntly penetrates a waste
container are likely to have very small population effects. 1In addition,
exploratory drilling in the unsaturated zone does not necessarily lead to
increased radioactive releases along water pathways. . The regulations
addressing such human  intrusion scenarios (40 CFR 191, Appendix B (1985))
indicate that direct release of ground water from the repository horizon due
to natural flow or pumping, and the creation of a high permeability flow path
should be considered as .the two most Severe consequences of .such exploratory
drilling. With the absence of ground water and the very low expected flux
(See Section 6.3:1:1.5), neither of these scenarios are plausible for an
unsaturated zone repository. Thus, the only potential radiation exposure
would be to the drilling crew due to contact with extracted waste c¢ontalner
contents. It may be reasonable to assume that availability of drilling tech-
nology would be accompanied by the ability to detect hazardous material, as
is suggested in 40 CFR 191, Appendix B (1985). Additionally, the.probability
of directly penetrating a waste container is considered to be very low,. since
it involves the compound probability of drilling into the repository and the
probability of directly striking a waste container. Consequently, human

intrusion does not appear to be a significant disruptive process at Yucca
Mountain. :

6.4.2.6 Conclusion:

The foregoing prelimdnary: performance analyses uncovered no information
that indicates that:the-Yucca Mountain site is unsuitable. for further charac-.
terization or that' it 18 likely to be disqualified:under the postclosuré.
system guideline (Section 6.3.2) after site characterization and more refined
analyses of system performance.
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Chapter 7

COMPARATIVE EVALUATION OF NOMINATED SITES

7.1 INTRODUCTION
7.1.1 PURPOSE AND REQUIREMENTS

This chapter presents a comparative evaluatic i ¢f the five sites
nominated as suitable for site characterization: [k is Canyon, Deaf Smith
County, Hanford, Richton Dome, and Yucca Mountain {sce Figure 7-1). FEach site
is a preferred site within a geohydrologic setting: Davis Canyon is in the
bedded salt of the Paradox Basin in Utah; Deaf Smit% County is in the bedded
salt of the Permian Basin in Texas; Hanford is in basalt in the Columbia
Plateau in Washington; Richton is a salt dome in Mississippi; and Yucca
Mountain is in tuff in the Southern Great Basin in Mevada. The process that
led to the identification of these sites is described in Chapter 2.

The major objective of this chapter is to present a comparative
evaluation of the sites proposed for nowmination in order to satisfy the
following requirements:

1. Section 112(b)(E)(iv) of the Nuclear Waste Policy Act of 1982 (the
Act), which requires that a 'reasonable comparative evaluation' be
included in the environmental assessments that accompany site
nomination.

2. Section 960.3-2-2-3 of DOE's siting guidelines (10 CFR Part 960),
which requires that a reasonable comparative evaluation be made and
that a summary of evaluations with respect to the qualifying
condition for each guideline be provided to 'allow comparisons to be
made among sites on the basis of each guideline."

This comparative evaluation is intended to facilitate the comparison of
the more-detailed suitability evaluations reported for each site in Chapter
6. The comparison should assist the reader in understanding the basis for the
nomination of five sites as suitable for characterization (Section 112(b)(1)(A)
of the Act); it is not intended to directly support the subsequent
recommendation of three sites for characterization as candidate sites.

7.1.2 APPROACH AND ORGANIZATION

This comparative evaluation of the five nominated sites is based on the
postclosure and the preclosure guidelines (10 CFR Part 960, Subparts B and‘C,
respectively). The reader is referred to Chapter 6 for a detailed discussion
of the structure and the content of the siting guidelines. The evalyation
presented in this chapter 1nc1udes both the system guidelines and the ™
technical guidelines.
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The comparison of the sites againgt each technical guideiine uses the
information from the guideline evaluations presentec in Chapter 6 of the five
environmental assessments, whereas the comparisons against the system
guidelines summarize directly the evaluations reportuit in Chapter 6. The
approach used to compare the sites against each techrniical guideline is
summarized below.

In order to facilitate the comparison of sites ou the bagis of each
qualifying coandition, major considerations were der vied by identifying the
favorable, potentially adverse, and disqualifying ceuatitions that deal with
the same general topic., Contributing factors represer ving site character-
istics that are potentially important to each major consideration were also
identified. Jhe relative importance of the major considerations was
determined primarily by the degree to which they contribute to the qualifying
condition; that is, the stronger the tie between the consideration and the
qualifying condition, the greater the importance of the consideration. Each
site was evaluated in terms of each major consideration, taking into account
the contributing factors at that site.

The purpose of identifying major considerations for each guideline is to
combine closely related site conditions so that the favorable and potentially
adverse conditions can be considered on balance. A major consideration may be
broader in scope than the combined scope of the related favorable and
potentially adverse conditions, in order for it to relate more directly to the
qualifying condition. Most guidelines that contain a disqualifying condition
have one or more potentially adverse conditions that are related to the
disqualifying condition. Since these potentially adverse conditions are
considered in the formulation of a major consideration, the important aspects
of the disqualifying conditions indirectly enter the comparative evaluation.
Where a major consideration that is needed to evaluate the qualifying
condition does not have a related favorable or potentially adverse condition,
the consideration is derived directly from the qualifying or disqualifying
condition. Not all contributing factors are discussed for each site; for
brevity, only the factors that contribute to the evaluation of that
consideration are discussed. The evaluation of each site with respect to each
major consideration is presented in alphabetical order, by site.

The major considerations for the guidelines were then considered
collectively, taking into account their relative importance, in a comparative
evaluation of the sites. This comparative evaluation describes the sites with
the most favorable combination of characteristics first and those with a less
favorable combination of characteristics last.

The comparative evaluations of the sites are swmmarized in Sections 7.2
and 7.3 for the postclosure and the preclosure guidelines, respectively.

7.2 COMPARISON OF THE SITES ON THE BASIS OF THE POSTCLOSURE GUIDELINES
The postclosure guidelines are concerned with the characteristics,
processes, and events. that may affect the performance of the repository after

closure. The objective is to ensure that the health and safety of the public
will be protected for thousands of years, until the radiocactivity of the waste
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has diminished tos safe levels. This section presents a comparative evaluation
of the five nominated sites against the postclosure guidelines.

7.2.1 TECHNiCAY GUIDELINES

7.2.1.1 Geohydrology (postclosure)

The qualifying condition for geohydrology is as Follows:

The present and expected geohydrologic setting of a site
shall be compatible with waste contaiument and isolation. The
geohydrologic setting, considering the characteristics of and
the processes operating within the geologic setting, shall
permit compliance with (1) the requirements specified in 10 CFR
960.4~-1 for radionuclide releases to the accessible environment
and (2) the requirements specified in 10 CFR 60,113 for
radionuclide releases from the engineered-barrier system using
reasonably available technology. ‘

Major congiderations

On the basis of the favorable and potentially adverse conditions for this
guideline, four major considerations (see Table 7-1) are identified that
influence the favorability of the site with respect to the qualifying
condition. These major considerations, in decreasing order of importance, are
(1) ground-water travel time and flux, (2) changes in geohydrologic processes
and conditions, (3) ease of characterization and modeling, and (4) presence of
suitable ground-water sources. These major considerations are, in turn,
influenced by a numbér of more specific geologic and hydrologlc properties and
in situ conditions called contributlng factors.

Evaluation of the 51}es with respect to major considerations

Ground-water travel time and flux. This consideration covers the
geohydrologic conditions that control the time of ground-water travel between
the disturbed zone and the accessible environment and the ground-water flux
(volumetric flow rate) across or through the repository and through the host
rock to the accessible environment. It is related directly to the qualifying
condition as a measure of the amount of ground water that can come in contact
with the waste, the amount of ground water available to transport
radionuclides between the repository and the accessible environment, the time
delay for these radionuclides to reach the accessible environment, and the
time available for radioactive decay during transport. This major
consideration is derived from the first, fourth, and fifth favorable
conditions of the geohydrology guideline. It is the most important of the
major considerations because transport by ground water is the primary
mechanism for radionuclide movement from the repository to the accessible
environment.

The contributing factors for this consideration include the hydraulic
conductivity and gradient, the effective poros1ty, the degree of saturatlon,
the depth to the water table, the presence of flow through fractures or porous
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Table 7~1, Culaeline-condition findings by major consldarat1on~-geohydtology"b

Davis Deaf Ricnton Yucca
Cond*tiom Canyon Swith flsuford Dome Mountain

MLIOR CONSIDERATION 1t GROUND-WATER TRAVEL TIME &'/ FLUX
Favorable condition 1

Site conditious such that the pre-waste-
emplacement ground-water travel time
along any path of likely radionuclide
travel from the diaturbed zone to the ; o
accessible environment would be more P P R S P
than 10,000 years.

Favorable condition & S e L ;5;

For disppsal in the paturated zome,
at least one of the following
pre-wasts~emplacesent conditions existat 4 P 4

(1) A host rock and immediately
surrounding geohydrologic units T
with low hydraulic conductivities. P P NP NP . .

(41) A downward or predominantly
horizontal hydraulic gradient in the
host rock and in the immediately
surrounding geohydrologic units, NP P

(134) A low hydraulic gradient in and
between the host rock and the
imnediately surrounding.. . ot

e

geohydrologic units. NP N o NP NA

. NI
iR} '

(1v) High effective porosity together
with low hydraulic conductivity in R S S T ¥
rock units along paths of likely O T SR S
radionuclide travel between the S S I TTE RPN
host rock and the accealible : Tt et v iLbae ad apo
epvironment,::. . NP NP N2 . CNR i N b

Favorable condition 5 R T N S ORI
For disposal in the unsaturated zone,

at least one of the following pre-waste- . . S
emplacenent conditions exists: NA NA .. NA . NA B,

(1) A low and nearly constant degree
of saturation in the host rock and
in the immediately surrounding o o
geohydrologic;units, NA NA NA NA _NP

(11) A water table sufficiently helow
the underground facility such
that the fully saturated voids
continuous with the water table
do not encounter the host rock. NA NA N& ... . NA ..

(111) A geochydrologic unit above the host
rock that would divert the down~ . T
ward infiltration of wager beyond . B I I
the linics of the enpluced waate. NA NA NA NA

(1v) A host rock that, provideﬂ for . . : . ) o I
free drainaga., . o . .. NA NA . N& NA . P

(v) A climatic :ggig@’;n1qbggh the .
average annual historical
precipitation is a small fraction
of the aversge annual potential
evapotranspiration. NA NA A NA P



Table 7-1. Guide’ine-condition findings by major considerstion—gachydrology®:® (countinued)

tvadition

Davia Deaf
Canyon Smith

Richton Yucea
Hanford Dome Mountain

MAJOR ".ONSIDERATION 2: CHANGES IN GEOHYDROLOGIC PROCES¢£3 AND CONDITIONS

Favorable condition 2

The nature and rates of hydrologic
processes oparating within the geologic
setting during the Juaternary Period
would, if coutinued into the future, not
affect or would favorably affect the
ability of the geologic repository to
isolatz the waste during the next

100,000 years. P P | I B

Potentially adverse condition 1

Bxpacted changes in gechydrologic

conditions~-such as changes in the

hydraulic gradient, ‘the hydvaulic

conductivity, the effective poroaity,

and the ground-water flux through the

host rock and ths surrounding geohydro- o
logic units-—sufficlient to significantly o
increase the transport of radionuclides

to the accessible environment as compared

with pre-waste-emplacement conditions. NP NP NP NP

1 I

MAJOR CONSIDERATION 3: EASE OF CHARACTERIZING AND MODELING
Favorable condition 3

Sites that have stratigraphic,
structural, and hydrologic features
such that the geohydrologic system
can be readily characterized and : o

modeled with reasonable certainty. NP NP NB NP

Potentially adverse condition 3

The preesence in the geologlc setting

of stratigraphic or structural featureg--

such as diFes, sills; faults, #hear

gones, folds, dissolution effaects, or

bring pockets—if their presence could

significantly contribute to the difficulty

of characterizing or modaling the

geohydrologic system: / P 4 p p

MAJOR CONSIDERATION 4: PRESENCE OF SUITABLE GROUND-WATER SOURCES
Potentially adverse condition 2

The presence of ground-water gburces,

suitable for crop irrigation or humsn

consumption without treatment, along

ground-water~flow paths from the hoat

rock to the accessible environment. NP NP NP NP

NP

NP

8 Rey: NA = not applicable; NP * for the purpose of this comparative evaluation, the

favorable or potentially adverse condition is not present at the site; P = for the purpose of
this comparative evaluation, the favorsble or potentially adverse condition is present at the site.

Aralyses supporting the entries in this table are presented in Chapter 6 of the

environmental assessment for each site.
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media, net infiltration, the extent of the disturbed zone, and the distance to
the accessible environment.

At each of the gites there are uncertainties in the conceptual model of
ground-water flow, including the values of the key hidraulic*parameters that
control ground-water travel time and flux. Taking the uncertainties into
account, there ars ranges of possible travel times butween the disturbed zone
and the accessib.e environment at each site. Therei  re, ground~water travel
time was stochastically modeled at each site, using reasongbly conservative
geohydrologic assumptions and ranges of hydraulic farzmeters, Probabilistic
ranges in travel time and the statistical probabili.v for exceeding travel
times of 1,000 and 10,000 years were derived for eachk site. In general, the
ground-water flux is expected to be low to very low at each of the sites, A
summary of the evaluation for each site follows.

At Davis Canyon, ground-water travel times from the disturbed zone to the
accessible environment are modeled as porous-media flow vertically and
horizontally through a layered sequence of differing lithologles (salts,
anhydrite, dolomite, siltstone, etc.). The calculated travel times depend on
the hydraulic conductivity and the effective porosities of the varying
lithologies, the thickness and continuity of each layer, and the vertical and
horizontal hydraulic gradients within and between each layer. Because the
values of these parameters are uncertain, the expected ground-water pathways
are uncertain. To quantify this uncertainty at Davis Canyon, a computer code
was developed to evaluate the probability the distribution of travel times
based on distribution of hydrologic parameters derived from data collected at
a DOE test well (Gibson Dome No. 1) 5 kilometers (3 miles) north of the site,
various o0il test wells in the Paradox Basin, and various published sources of
generic data. For purposes of analyzing the ground-water travel time, the
outer edge of the disturbed zone was conservatively assumed to be at the top
and bottom of the host salt bed, because of uncertainty in the extent of the
disturbed zone. The time required for ground water to travel through the host
salt bed is not included in the calculations of pre-waste-emplacement travel
time to the accessible environment. The overall regional vertical hydraulic
gradient between the upper and the lower hydrostratigraphic units, separated
by the evaporite section containing the host salt bed, is generally downward.
However, data collected at the Gibson Dome test well indicate both leocal
downward and upward gradients between interbeds in the evaporite section
containing the proposed host salt bed. The combined vertical and horizontal
gradients in the area then result in either upward-to-lateral flow or
downward-to-lateral flow within the layered sequence. Both the
upward-to~lateral and downward-to-~lateral travel times are analyzed, resulting
in quite similar distributions.

The proposed controlled-area boundary for the Davis Canyon site is
limited to a distance of 1 kilometer (0.6 mile) from the edge of the disturbed
zone to the accessible environment due to the proximity of Canyonlands
National Park in the expected direction of ground-water flow. For a lateral
distance of 1 kilometer (0.6 mile) from the outer edge of the disturbed zone
to the accessible environment, downward~to-lateral travel times were
stochastically analyzed through 1,000 realizations of the model., This results
in a probability of .003 for travel times of less than 1,000 years and
probability of a .045 for less than 10,000 years. The median travel time is
240,000 years, A distance of 5 kilometers from the edge of the repository was
also analyzed in case the boundary of the controlled area should change as a
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result of data developed during site characterization in a direction away from
the Canyonlands ational Park. This analysis results in a probability of less
than 0,001 for t:ravel times of less than 1,000 years and .006 for less than
10,000 years, wlth a median travel time of 880,000 y-ars.

The Deaf Smith site is in a geohydrologic sett’wny that is conceptually
similar to that of the Davis Canyon site., A simila- stochastic analysis of
pre-waste-emplacement ground-water travel time was ie. The computer flow
model, as for Davis Canyon, consists of a series of 'ayers representing a
sequence of differing lithologies (salt, anhydrite <+nlomite, siltstone,
etc.), including the host salt bed. Only downward-t :-lateral travel times
were calculated, because only downward vertical hydre#ulic gradients have been
observed in .he vicinity of the site. The travel time was calculated
beginning at the bottom of the salt repository bed {considered conservatively
as the bottom edge of the disturbed zone) and extending 1 kilometer to the
accessible environment. To consider the posgsibility that the boundary of the
controlled area (and the distance to the accessible environment) might be
extended, travel times were also calculated to the maximum S-kilometer
distance from the edge of the disturbed zone. The modeling is based on data
obtained from literature reviews, analyses of water-well and petroleum-well
records and pump testing, analyses of drill-stem tests, and analyses of
laboratory tests conducted specifically for the repository program. There is
a comparable level of uncertainty in the data bases for the Deaf Smith and the
Davig Canyon sites. Considering porous-media flow as the likely flow
mechanism, the results of travel-time analyses for an accessible environment 1
kilometer from the edge of the disturbed zone, on the basis of 1,000
realizations of the model, show a probability of .005 for travel times of less
than 1,000 years and a probability of .107 for less than 10,000 years, with a
median travel time of 87,000 years. For an accessible environment 5
kilometers from the edge of the disturbed zone, the probability of travel
times of less than 1,000 years is less than .00l, and the probability for less
than 10,000 years is .015, with a median travel time of 500,000 years.

At the Hanford site, the stochastic analysis of the pre-waste-emplacement
ground-water travel time used a conceptual model that is consistent with the
current understanding of the deep ground-water flow system and considers the
uncertainties in the hydraulic parameters used to predict travel times. In
the analysis, ground-water flow is modeled along upward and lateral flow paths
through an alternating sequence of basalt flows in which dense interiors of
low permeability are separated by flow tops of higher permeability. The
vertical and horizontal hydraulic-head gradients used in the stochastic model
are deterministic; that is, they are based on quality head data obtained from
piezometers at the site. The transmissivity values used in the model were
based on site-specific test data that were varied over a reasonably
conservative range. The range of effective porosity was estimated from
geophysical logs, core samples, two tracer tests, and values reported in the
literature. Key hydraulic parameters were conservatively evaluated over
appreciable ranges in the model. The model considers ground-water movement
that begins in the flow top immediately above the dense flow interior (the
outer edge of the disturbed zone being within the dense interior host rock at
an unknown distance from the flow top) of the proposed host rock and proceeds
vertically upward and laterally to the accessible environment, 5 kilometers
from the edge of the repository. The model conservatively does not include
vertical travel time through the. upper part of the undisturbed dense interior.
between the proposed repository and the base of the first flow. top above the
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repository. The range of travel times derived from the model indicates a
probability of .:3 or less for travel times of less than 1,000 years and a
probability of ..2 or less for travel times of less than 10,000 years. This
compares with the shortest median travel time for the conservative analyses of
22,000 years.

At the Rich.on site, the accessible environment is considered to be at
the flank, or periphery, of the salt stockj therefor., ground-water travel
times from the disturbed zone to the accessible envii.nment (a minimum lateral
distance of 244 meters (800 feet)) are judged to be within essentially pure
salt, The mechanism for ground-water movement throug  the salt is uncertain.
Because of the duccility of salt, which reduces the l:kelihood of open
fractures, and the extvemely low matrix hydraulic conductivity and porosity,
there may be little or no water movement through the w#alt. However, to
evaluate the travel time from the edge of the disturlizd zone to the accessible
environment, porous-media flow was conservatively assumed to prevail in the
salt, Preliminary geologic studies have not identified anomalous features
that would indicate the presence of preferential permeable flow paths in the
salt stock. Fracture flow is considered unlikely and is not considered in the
model. Flow is assumed to obey Darcy's law, and conservative ranges of the
key hydraulic parameters are used; they are based on available generic in gitu
and laboratory data, including geaphysical well logs. No site-specific data
on hydraulic parameters are available. If alternative mechanisms of mgvement
(e.g., diffusion) are cousidered, the estimated travel -times to the aocessible
environment would be sevaral million years.

The results of the stochastic modeling show a probability of less than
.001 for travel times less than 1,000 or 10,000 years to the flank of the
dome. Because of the very low hydrauli¢ conductivities measured for
egsentially pure salt, the calculated times of lateral travel through 244
meters (800 feet) of salt are very long. Stochastic model calculations range
over six orders of magnitude--the shortest being about 50,000 years and the
median about 35 million years. Although the ranges of hydraulic parameters
used in the analysis are considered reasonably conservative, a great deal of
uncertainty is inherent in any prediction of travel times in millions of
years. Of more significance than the absolute numbers, perhaps, is that the
very long travel times suggested by the analysis indicate a likelihood that
little or no ground water is present or moving through an appreciably thick,
undisturbed mass of salt.

At Yucca Mountain, the stochastic analysis of the pre-waste-emplacement
ground-water travel time from the disturbed zone to the accessible environment
computes vertical ground-water movement downward through the unsaturated zone
to the water table and then 5 kilometers laterally in the saturated tuff to
the accessible environment. Travel time is calculated from a horizon 50
meters (164 feet) below the proposed repository downward through a minimum of
about 135 meters (443 feet) of unsaturated welded and nonwelded tuff to the
water table. Most of the total travel time is through the unsaturated zone,
with about 140 years estimated for the travel time through the saturated zone
to the accessible environment, once the water table is reached. Uncertainty
in the variability and ranges in hydraulic conductivity and effective porosity
are evaluated stochastically in the model, by randomly selecting ranges in
hydraulic parameters in a series of 963 vertical colums. The calculated
travel times range from about 9,500 to 80,250 years. .This is based on an
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estimated maximum average net percolation of 0.5 miilimeter per year. Ten
realizations were run in each of the 963 columns of the model, with all but
one of the 9,63} total realizations having a travel time of mwre than 10,000
years. The meen travel time in these calculations %as about 43,300 years, and
the median aboui 41,600, with a probability of about .0001 for a travel time
of less than 10,000 years.

Changes in geohydrologic processes and condit. ns. This consideration
covers the nature and rate of natural processes iv ‘he geologic setting that
could ultimately change geohydrologic conditions .9 as to affect the ability
of a repository to isolate the waste. It is direct v related to the
qualifying condition, which requires that geohydroluxic conditions in the
future be compatible with waste isolation. It is derived from the second
favorable condition and the first potentially adverce condition. This
consideration is second in importance because the preceding consideration, the
ground-water travel time, reflects actual conditions, whereas this
consideration reflects potential conditions,

Four contributing factors are identified for this consideration: climatic
change, erosion, dissolution, and tectonics. On the basis of the discussion
of these factors in Section 6.3.1 of each environmental assessment, it was
concluded that climatic change is the only one of the four contributing
factors that has a potential for significantly affecting the hydrologic system
at any of the nominated sites during the next 100,000 years. Therefore,
climatic change is the only potential cause of changes in the geohydrologic
system that is addressed in the summary of site evaluations.

Judging from the record of the Quaternary Period in the area of the Davis
Canyon site, climatic changes during pluvial conditions could increase
precipitation, with a resulting increase in recharge to the ground-water
system. Although it is uncertain to what extent higher rates of precipitation
during the Quaternary Period have affected the hydrologic system, there is no
evidence that ground-water parameters have changed significantly during the
Quaternary Period. Also, the low permeability of the evaporite section
separating the shallow hydrologic system from the deep confined system is
expected to preclude any significant effects from expected climatic changes.
Assuming that c¢limatic changes during the next 100,000 years would be within
the magnitude of past changes during the Quaternary Period, it does not appear
that expected changes would adversely affect waste isolation at the Davis
Canyon site during the next 100,000 years.

Judging from the record of the Quaternary Period, precipitation may be
expected to increase over the current levels for the area of the Deaf Smith
site, with consequent increases in recharge during the next 100,000 years.
However, because of the low permeability of the evaporite section and the fine
sedimentary interbeds that separate the shaliow hydrologic system from the
deep confined system beneath the proposed repository horizon, the variations
in the nature and rates of surficial hydrologic processes that would result
from ruature climatic changes would have little effect on the ability of a
repnsitory at the site to isolate waste during the next 100,000 years.

The climatic history of the Quaternary Period at the Hanford site

indicates that any hydrologic impacts due to climatic changes would be
localized or shallow phenomena (e.g., glacially induced flooding) that would
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not significantls change the waste-isolation potential of the deep basalt
environment during the next 100,000 years. The factors respousible for this
include the low rermeability of the basalt flow interiors between the land
surface and the [ roposed repository depth; the relatively low permeability of
the deep basalt “lows in comparison with shallow flows and interbeds; the
existence of different flow systems with depth; the unort duration of floods;
and the likely persistence of the arid to semiarid c. linate that has existed at
Hanford over the past 3 million years.

For the Richton site, the Quaternary history o’ the region indicates that
climatic changes would have no significant influenc¢: :n geohydrologic
conditions at the site., Variations in geohydrologic . rocesses that have
occurred in response to Quaternary climatic cycles and the associated
sea-level fluctuations result in slight increases and decreases in
precipitation, hydraulic gradients, and rates of ground-water movement in the
geohydrologic system surrounding the salt dome. Becsuse of the very low
hydraulic conductivity of the dome salt, such slight wariations in hydrologic
processes are expected to have minor, if any, effects on fluid movement within
the dome. Thereiore, no natural geohydrologic change; that would affect waste
during the next 100,000 years are expected at the site.

At Yucca Mountain, the climatic record of the Quaternary Feriod suggests
that pluvial conditions may recur sometime during the next 100,000 years,
resulting in increased net infiltration (flux) and recharge, which could in
turn raise the level of the water table toward the repository. Such changes
would tend to reduce the time of ground-water travel between the disturbed
zone and the accessible .environment and could result in some increase in the
quantity of ground water coming in to contact with the waste.

Ease of characterization and modeling. This consideration addresses the
complexity of the geohydrologic system in terms of whether it can be
characterized and modeled with reasonable certainty. It relates to the
qualifying condition because characterization is the process of collecting and
analyzing the data needed to develop and perform the modeling that is the
means for predicting whether the site is compatible with waste containment and
isolation. This major consideration is derived from the third favorable
condition and the third potentially adverse condition. Since it is not an
intrinsic physical characteristic of the geohydrologic setting, this
consideration is not as important as the first two considerations; however,
the ability to characterize and model the geohydrologic system with reasonable
certainty is essential to evaluating the geohydrologic processes and
properties that affect the ability of the site to contain and isclate waste.

Some of the contributing factors that influence the ease of
characterization and modeling are the presence of faults, folds, brine
pockets, dissolution effects, lithologic variations, interrelationships among
hydrostratigraphic units, availability of testing techniques and analytic
models, and understanding of flow mechanisms.

All five nominated sites are, to varying degrees, presently judged to
have geologic and hydrologic complexities that could preclude their being
readily characterized or modeled with reasonable certainty. Appreciable
differences exist from one site to another in present levels of uncertainty,
in part because of imbalances in the quality and quantity of available data
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and stages of sclentific and technical investigation. A good understanding of
the geohydrology «f{ the site must be developed through the characterization
process before it can be modeled with reasonable certsinty. Modeling, in
turn, can determine which physical characteristics need to be characterized.
The difficulty of characterizing a site limits the ab..ity to model it to an
acceptable level «f certainty., Although the third favorable condition is not
present and the tuird potentially adverse condition iy present at each site,
it is expected that all five sites can be adequately .haracterized, though
with varying ievels of difficulty, in order to model .heir capabilities for
long~term waste isolation to acceptable leavels of certainty., A summary of the
evaluation for thiun consideration for each site follows.

At the Davis Canyon site, the regionmal geologic framework and limited
site~specific data suggest that the site is stratigraphically and structurally
uncomplicated. Present stratigraphic information incicates that the proposed
host salt bed contains minimal impurities and is a part of a reasonably
well-understood sedimentary sequence. However, the present limited
investigations luave many uncertainties, Structural features like faults,
folds, and dissolution zones within the geologic setting could contribite to
the difficulty of characterizing the system if they are found within the
site. Ground-water movement through deep salt beds may be practically nil.
There is a need to develop a clear understanding of the movement of fluids in
salt and a site-specific ground~water hydraulics data base and to evaluate the
potential for significant fracture flow in hydrogeologic unitg surrounding the
host rock. :

Because they are in similar geohydrologic settings, the Deaf Smith site
and the Davis Canyon site are similar with respect to the ease of
characterizing and modeling. Somewhat more data are presently available for
the Deaf Smith site than for Davis Canyon, but fewer site~specific data are
available for the salt sites than for the nonsgalt sites. The greater number
and frequency of nonsalt interbeds at Deaf Smith introducss complicating
factors that are less likely to be present at Davis Canyon. As at Davis
Canyon, the potential for significant fracture flow in geohydrologic unitsg
surrounding the host rock at Deaf Smith needs to be evaluated.

Generically, the horizontal distribution, variations in thickness and
internal variations in the thickness of multiple basalt flows like those at
Hanford may be more difficult to predict with confidence than for a sequence
of sedimentary rocks like those formed at the bedded-salt sites, but
site-specific investigations are more advanced at the Hanford site than at any
of the salt sites. Consequently, the data base is appreciably larger and the
complexities of site characterization and modeling are better defined at
Hanford. Geologic features like faults, folds, internal variations in the
thickness of flows, and variations in original intraflow structures known to
exist in the regional setting could contribute to difficulty in modeling.
Although uncertainties remain, preliminary studies have defined some basic
geologic and hydrologic characteristics of the site. The existence of
multiple basalt flows can complicate the characterization and modeling of the
flow system, as well as provide multiple barriers to fluid movement. Accepted
concepts and methods for studying saturated flow in a layered geohydrologic
system are applicable to the basalt-flow system beneath Hanford. In some ways
this may make characterization and modeling less complicated than at sites
where applicable fluid-flow theory is either more complex or less advanced,
such as for flow in salt or in the unsaturated zone at Yucca Mountain.
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At the Richton site, the boundaries and dimensious of the salt stock are
easonably well Jdefined. Limited available data on the interior
haracteristics of the salt stock suggest that it consists largely of pure
alt that is free of significant anomalous features (2.g., large faults or
lastic inclusions) that would provide important pref::ential ground-water
low paths. Howewver, this concept of the dome's intericr is uncertain and
equires additioaal data for confirmation. Also, dati on the surrounding
eohydrologic environment mainly provide a regional | cture of the
round-water flow system outside the dome, with lit*le site-specific
nformation to define flow relationships near the ir zerface of the salt stock
nd the adjacent hvdrostratigraphic units. These rei: nionships may be complex
nd difficult to characterize, requiring an extensive :ata base that would be
ifficult to acquire. The characteristics of ground-water mcvement, if any,
ithin salt are not well understood. Therefore, there is uncertainty in how
0 characterize and model fluid movement within the dome and any exchange of
round water between the dome and the surrounding geohydrologic units. On the
ther hand, because the accessible environment at the Richton Dome begins at
he edge of the salt stock, the controlled area extends only to the periphery
f the dome. The most critical part of the geohydrolcgic system to be
haracterized and modeled is confiped to what may be an essentially
omogeneous medium, the interlor salt mass of the dome. In this respect, the
low system may be regarded as less complex and difficult to characterize and
iodel than a system that contains a variety of lithologies or flow media
etween the repository and the accessible environment. However, the mechanism
or ground-water flow in the salt, if such flow is significant, needs to be
learly defined during site characterization.

The geclogic setting at Yucca Mountain may be considered somewhat
omplex, considering the structural history and volcanic origin of Yucca
lbountain, and the inherent uncertainties in predicting the lateral and
ertical variability of volcanic rock units. Also, the site is relatively
omplex from the standpoint of the availability cf state-of-the-art models for
leasuring and analyzing flow in the unsaturated zone rather than the saturated
one. Known local faulting adds to the complexity of site characterization
nd modeling. However, the progress of site-specific geologic and hydrologic
nvestigations is comparable to that at the Hanford site and more advanced
han those performed at any of the salt sites. A preliminary site-specific
eohydrologic data base has been establiched, and preliminary details of a
onceptual flow model of the unsaturated zone, are defined. Advanced
echniques are being developed to measure and analyze hydrologic parameters
nd to provide the information needed to refine models of flow in the
nsaturated zone. Because of the need to develop advanced techniques and
iethods, the difficulty of characterizing and modeling the site with
‘easonable certainty may be greater than at sites in the saturated zpne where
urrently accepted methods may be adequate for characterizing and modeling.

Presence of suitable ground-water sources. This consideration addresses
he potential for radionuclides migrating from a repository to mix with
round-water sources suitable for crop irrigation or human consumption without
reatment along flow paths to the accessible environment. It pertains to the
ualifying condition with respect to limitations on radionuclide releases to
he accessible environment and is derived from the second potentially adverse
ondition. This consideration is less important than the other three, because
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it is unlikely that ground-water resources could be contaminated if a site is
selected on th: basis of its ability to isolate wsstes, as reflected in the
other three co,siderations., Of the five nominated sites, only Yucca Mountain
has a finding ¢f present for the second potentiall: adverse condition. A
summary of the ¢valuation for each site follows.

At Davis "anyon a low-yielding aquifer contal !ng good-quality ground
water is preseuat at a relatively shallow depth abov: the proposed repository
horizon. However, ground water of good quality u-a.le for irrigation or human
consumption without treatment is not present alon, probable ground-water flow
paths between the disturbed zone and the accessibl. :nvironment. Although
there is some poiential for locally upward flow from the host rock, flow paths
would be dierted laterally or downward at least hundreds of meters below the
shallow aquifer because of the regionally downward v2rtical gradient below the
shallow aquifer,

At the Deaf Smith site, ground-water flow is expected to be downward from
the repository horizon. Water along this flow path has high total-dissolved-
solids concentrations, making it unusable for crop irrigation or human
consumption without treatment. There is good-quality ground water at shallow
depths above the proposed repository horizon, but upward flow is not expected
from the host rock.

At the Hanford site, shallow aquifers containing water of good quality
exist above likely flow paths from the preferred repository horizon. However,
ground water along likely flow paths between the disturbed zone and the
accessible environment contains flouride, boron, and sodium concentrations
considered too high for crop irrigation or human consumption without treatment.

At the Richton site, the accessible environment is considered to be at
the flank of the salt stock. Therefore, ground water suitable for crop
irrigation or human consumption without treatment does not occur along
ground-water flow paths between the disturbed zone and the accessible
environment.

At Yucca Mountain, flow paths from the disturbed zone in the unsaturated
zone would be expected to be vertically downward to the water table and then
laterally through the saturated zone to the accessible environment. Ground
water along the flow paths in the saturated zone is of good quality and
suitable for crop irrigation and human consumption without treatment.

Summary of the comparative evaluation

The Richton Dome is the most favorable of the five nominated sites for
the geohydrology guideline on the basis of the four major considerations
addressed under this guideline. Although site-specific data are sparse,
resulting in appreciable uncertainty about flow in geohydrologic units
surrounding the dome, and the mechanism of fluid flow in salt is uncertain,
ground-water travel times at Richton are expected to be very long, and very
little, if any, ground-water movement takes place within the salt stock. It
is likely that no ground water or ounly very little is contained in the salt
stock. Uncertainty with respect to the possible presence of anomalous
features that could significantly affect flow through the dome would be
addressed during site characterization. Hydrologic processes and conditions
are not expected to change in a manner that would unfavorably affect the
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ability of the repcasitory to isolate waste. Modeling of the geonaydrologic
system surrounding :he dome is expected to be difficult. The limited data
base results in aprreciable uncertainty about relationships between the dome
and the surroundins system. However, because all pathways to the accessible
environment are ex;ected to be entirely within the salt host rock, there is a
high level of certzinty that no usable ground-water scucces would be
encountered along rathways to the accessible environme:!

Davis Canyon is the next most favorable site wit! respect to the
geohydrology guideline if it ig compared to Deaf Smi-h on the basis of equal
distances to the accessible environment. It is slig. ty less favorable than
the Richton Dome on the first and most important major consideration and is
equally favorahle with the other sites on the second msjor consideration. The
pre-waste-emplacement travel time from the disturbed zone to the accessible
environment appears to be less than that at the Richtc¢n Dome, and the travel
time at Davis Canyon is longer than at the Deaf Smith site for equal distances
to the accessible environment at both gites. The grouand-water flux through
the salt host rock, as indicated by the generic understanding of the hydraulic
properties of salt, may be small if not nonexistent., There is no evidence for
natural geohydrologic changes that will unfavorably affect the ability of the
repository to isolate the waste during the next 100,000 years. On the basis
of regional geologic studies, the structure and stratigrapuy of the site are
considered uncomplicated, but because of uncertainties with respect to the
mechanism for ground-water flow in salt and the unlikely potential occurrence
of a really extensive, fracture-controlled pathways in the brittle sedimentary
interbeds, the level of difficulty in characterizing and modeling the
geohydrologic system with reasonable certainty is expected to be comparable
with that of the other sites. No aquifers containing ground water that is
usable without treatment are present along any likely ground-water pathways
between the edge of the disturbed zone and the accessible environment.

The Deaf Smith site is less favorable than the Richton and the Davis
Canyon sites for the geohydrology guideline when the accessible environment is
equally distant from the disturbed zone at Deaf Smith and at Davis Canyon. In
such a case, it is less favorable on the first and most important major
consideration, but equally favorable on the second major comsideration. The
estimated pre-waste-emplacement ground-water travel time between the disturbed
zone and the accessible environment is shorter than that at Davis Canyon and
Richton. However, if the distance to the accessible environment at Deaf Smith
should be lengthened up to 5 kilometers and at Davis Canyon remain at 1
kilometer, Deaf Smith would be the more favorable site with respect to the
pre-waste-emplacement ground-water travel time. Although the ground-water
flux within the salt host rock is expected to be low, the presence of fine
clastic interbeds in the host rock results in a potential for higher flux at
Deaf Smith than at Davis Canyon or Richton. No natural changes in
geohydrologic conditions that would unfavorably affect the ability of the site
to isolate waste during the next 100,000 years are indicated. The structure
and stratigraphy of the Deaf Smith site, on the basis of regional geologic
studies, are considered uncomplicated. Because of uncertainties with respect
to the mechanism for ground-water flow in salt and the unlikely potential for
areally extensive, fracture-controlled pathways in the brittle interbeds, the
level of difficulty in characterizing and modeling the geohydrologic system is
expected to be comparable with that of the other sites. Finally, there is a



high level of cer.ainty that no aquifers containing ground water usable
without treatment are present along ground-water pathways betwsen the edge of
the disturbed zons: and the accessible environment.

The Hanford and the Yucca Mountain gites are both less favorable than the
salt sites, but zre in a comparable range of favorability with each other.
Their comparative evaluations vary from one major co-~isideration to another on
the basis of aveilable information., With respect to the pre-waste-emplacement
ground-water travel time, Yucca Mountain is more fav:irable than the Hanford
site. At Yucca Mountain, the ground-water flux thrc gh the host rock and the
surrounding geohydrologic units, as indicated by the estimated maximum annual
infiltration of 0.5 millimeter, is expected to be 'e2vy low, A return to
pluvial climatic conditions could increase the flux -ate through the host rock
and the surr~unding geohydrologic units. This could also cause some rise in
the water table toward the repository and some reduction in the time of travel
to the accessible environment. Yucca Mountain and Manford appear to have
similar ranges of structural and stratigraphic complexity with unique
geohydrologic complexities at each site. The complexity of fracture systems
at Yucca Mountain may have important implications for characterizing and
modeling flow in the unsaturated zone with reasonable certainty. Uncertainty
in how to model flow in the unsaturated zone may also add to the difficulty of
characterizing and modeling at Yucca Mountain. Ground-water sources of good
quality are located along likely ground-water pathways from the proposed
repository to the accessible environment at Yucca Mountain. '

At the Hanford site, the ground-water flux through the saturated host
rock and the surrounding geohydrologic units may be higher than in the
unsaturated zone at Yucca Mountain. For the second major consideration,
Hanford is more favorable than Yucca Mountain. Expected natural changes in
hydrologic processes or geohydrologic conditions are not expected to affect
the ability of a repository to isolate the waste during the next 100,000
years. Although commonly used modeling techniques may be applied,
uncertainties in the structural and stratigraphic heterogeneity of the
multiple basalt flows may contribute to modeling difficulties. At Hanford, no
sources of ground water suitable for crop irrigation or human consumption
without treatment are present along likely ground-water :pathways from the edge
of the disturbed ‘zone to the accessible environment.

7.2.1.2 Geochemistrz

The qualifying condition for postclosure geochem:stry is as follews.

The present .and expected geochemical characteristics of a
site shall be compatible with waste containment and isolation.
Considering the likely chemical interactions among
radionuclides, the host rock, and the ground water, the
characteristics of and the processes operating within the
geologic setting shall permit compliance with (1) the
requirements specified in §960.4~1 for radionuclide releases to
the accessible environment 'and (2) the requirements specified
in 10 CFR 60.113 for radionuclide releases from the -
engineered-barrier system using reasonably available technology.
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Major consideraticns

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-2), three major considerations
are identified that influence the favorability of the site with respect to the
qualifying cordition are identified. In order of decreasing importance, they
are (1) the expected rate of mass transfer of radionr:lides from the waste
package, (2) geochemical conditions that would inhib’ - the transport of
radionuclides into the accessible environment, and (3' geochemical effects on
the sorptive properties and strength of the host ror«.

Evaluation of the sites in terms of the major consideLAtions

Mass transfer of radionuclides. This consideration includes geochemical
conditiouns in the immediate vicinity of the waste package after the permapent
closure of the repository. It relates directly to the qualifying condition
through the rates of radionuclide dissolution from the waste form and is based
on the second and fourth favorable conditions and the first potentially
adverse condition. The mass transfer of radionuclidex is the most important
consideration because it describes the processes by which radionuclides that
are initially sealed in the solid waste form as part of the waste package will
be released to the ground-water system (e.g., as ions, complexes, or
particulates) or be contained within the engineered-barrier system. The most
important contributing factors are the volumetric flow rate of the ground
water that may contact the waste package and the chemistry of the ground
water. Other contributing factors include the potential for the precipitation
and sorption of radionuclides; the potential for the formation of colloids,
complexes, and particulates; oxidation-reduction conditions; and the chemical
reactivity of the ground water. A summary of the evaluation for each site
follows.

The bedded salt of the Davis Canyon site contains little ground water.
Sources of water in the repository horizon include brine inclusions and water
of carnallite hydration, which constitute a small fraction of the host-rock
volume. Thus, the volumetric flow rate of ground water due to the migration
of these waters at the repository horizon is expected to be extremely low, if
present at all. Because of their high magnesium content, the brines at Davis
Canyon are potentially very corrosive for the stainless-steel container of the
waste package. However, waste-package degradation should be limited because
the amount of water in contact with the waste is expected to be small. The
formation of some colloids will be inhibited by the high salinity of brine.
Because of their high concentration in the brines, chlorides, sulfates, and
carbonates could form complexes with radionuclides, which may increase the
imobility of some radionuclides. Although chemically reducing conditions are
expected in the host rock and the underlying aquifers, the ability of the
water-rock system to maintain reducing conditions in the presence of alpha and
gamma radiolysis may be limited. Co

The host rock at the Deaf Smith site is bedded salt that may contain more
water than the rock of the other two salt sites. The salt of the lower San
Andres Unit 4 contains intercrystalline muds and interbeds of mudstone
containing clay; these muds and interbeds could contribute water in addition
to that provided by brine inclusions. Thus, the total amount of ground water
that is expected to enter the repository through brine migration should be
extremely small. These brines 'have a high magnesium content and are
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Table 7-2  Guideline-condition findings by major consideration--geochemistry®-®

Davis Dea:’ Richton Yucca
Londition Canyon Smi kit Hanford Dome Mountain

MAJOR CONSYU-RATION 1: EXPECTED RATE OF MASS TRANSFER FR”in THE WASTE-PACKAGE SUBSYSTEM

Favorable conditiun 2

Geochemical conditions that pro- P p P p P
mote the precipitation, diffusion

into the rock matr.x, or sorption of

radionuclides; inhibit the formatian

of particulates, colloids, inorganic

comp1exes, or organic complexes that

increase the mobility of radionuclides;

or inhibit the transport of radionuclides

by particu1ates, colloids, or coqp]exes.

Favorable condition 4

A combination of expected geachemical P p p P P
conditions and a volumetric flow rate of

water in the host rock that would allow

less than 0.00) percent per.year of the

total radionuclide inventory in the

repos1tory at 1, 000 years to be disso]ved

Potent1a11y edverse condit1qns 1

Ground-watev conditions in the host NP NP - NP NP NP
rock that could affect the 'solubility or

the chemical reactivity of the engineered-

barrier system to the extent that the

expected repository’ performance could be

compromised. .

MAJOR CONSIDERATION 2: GEOCHEMICAL CONDITIONS THAT WOULD INHIBIT
RADIONUCLIDE TRANSPORT IN THE FAR FIELD

Favorable condition )

The nature of rates of the geochemical p P p p P
processes operating within the .geologic '
setting dur1ng the Quaternary Periad would,
if continued into the future, not affect or
would favorably affect the ability of the
geologic repository to isolate the waste
during the next 100,000 years.

Favorable condition 2 °

Geochem1ca1 conditions that promote P P P P P
the precipitation, diffusion into the .

rock matrix, or sorption of radionuclides;

inhibit the. formation. of particulates,

colloids, 1norgan1c comg]exes, or arganic

complexes that increase the mob111ty of

radionuclides; or inhibit the transport

of radvonuc11des by particulates, colloids,

or complexes.
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Table 7-2. Guideline-condition findings by major consideration--geochemistry®:® (continued)

Davis Deaf Richton Yucca
Cendition Canyon Smith Hanford Dome Mountain
. ,

- fpp—

MAJ\V'R CONSIDERATION 2: GEOCHEMICAL CONDITIONS ThLT WOULD INHIBIT
RADIONUCLIDE TRANSPORT It. THE FAR FIELD (Continued)

Favorable condition §

Any combination of gcochemical and NP N, P NP P
physical retardation processes that would

decrease the predicted peak cumulative

releases of radionyclides to the accessible

environment by a factor of 10 as compared to

those predicted on the basis of ground-water

travel time without such retardation.

Potentially adverse condition 3

Pre-waste-emplacemgnt ground-water NP NP NP NP o P
conditions in the host rock that are
chemically oxidizing.

MAJOR CONSIDERATION 3: GEOCHEMICAL EFFECTS ON THE SORPTIVE PROPERTIES
AND ROCK STRENGTH OF HOST. ROCK

Favorable condition 3 . ' C

Mineral assemblages that, when subjected P P P P L B
to expected repositaory cond1tions, would
remain unaltered or would &ltér to mineral : 4
assemblages with equal or increased capability ol Cne
to retard radionuclide transport.

Potentially adverse condition 2 B
Geochemical processes or condmtwons that NP NP NP NP NP

could reduce the sorption of radionuclides
or degrade the rock strength.

% Key: NP = for the purpose of this comparat1ve evaluation, the favorable or potent1a11y
adverse condition is not'present at the site; P = for the purpose of this comparative eva\uat1on,
the condition is present at .the site. bl

® Analyses supporting the entries in this table are presented in Chapter 6. of the, N N
environmental assessiment’ for each site.
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potentially very corrosive to the stainless-steel container ¢f the waste
packages, but t*e small amount of water expected in the repository will limit
waste-package dexradation. The formation of some, but not all, colloids will
be inhibited by the high salinity of brine. Becaus~ of their high
concentrations in the brine, chlorides, sulfates, anit carbonates could form
complexes with radionuclides, which may increase th.. sobility of some
radionuclides. While chemically reducing condition ' are expected in the host
rock and underlying aquifers, the ability of the wz:sr-rock system to maintain
reducing conditions in the presence of alpha and gwwa radiolysis may be
limited.

The Hanford site may have a somewhat higher flo. rate of water past the
waste package than other sites. The bentonite and crushed-basalt packing
material that will surround the low-carbon-steel disposal containers is
expected to significantly reduce the flow rate of ground water that could come
in contact with the waste. The ground water at Hanford has a low salinity in
comparison with the salt sites and a high pH, which tends to reduce the rates
of container corrosion. In addition, the chemicallv reducing conditions that
are expected would lower the solubility of redox-sensitive radionuclides and
further lower the rates of container corrosion. However, alpha and gamma
radiolysis may result in localized oxidizing conditions around the disposal
container. Ground water at the repository level contains carbonate and
hydroxyl ions, which could complex with escaping radionuclides, thereby
increasing their mobility. Interactions between the waste package and ground
water may result in the precipitation of iron-silica that would tend to
scavenge radionuclides. In addition, sorption is expected to play a major
role in the retardation of radionuclide transport.

Richton Dome is probably driest of the salt sites because of the small
quantity of brine inclusions typical of domed salt. The volumetric flow rate
of ground water at the repository horizon from brine migration is expected to
be extremely low. As a result, waste-package degradation should be limited in
spite of the inherently corrosive nature of brine. The formation of some, but
not all, colloids should be inhibited by the high salinity of brine. The.
chloride and sulfate present in the brine could form complex with, and thus
increase the mobility of, some radionuclides. While chemically reducing
conditions are expected in the host rock, the ability of the water-rock system
to maintain reducing conditions in the presence of alpha and gamma radiolysis
may be limited.

The Yucca Mountain site is in a geologic environment with a very low
ground-water flux through the candidate repository horizon. The low salinity
and the nearly-neutral pH of the ground water would tend to reduce the
corrosion rate of the disposal container; however, the ground water is
oxidizing and would tend to make the waste-~package environment somewhat more
corrosive than water with lower oxidation-reduction (redox) conditions. The
potential for the formation of inorganic complexes in the ground water of the
Yucca Mountain site is probably low because of the very low salinity of the
water, although the carbonate present in the ground water may increase the
mobility of some radionuclides. The nearly-neutral pH of the water is
conducive to the low solubility of oxides and hydroxides of some
radionuclides, especially the actinides. In addition, interactions between
the waste package and ground water may result in the precipitation of
iron-silica, which would tend to scavenge radionuclides.

t
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Radionuclide t-angport, This major consideration relates directly to the
qualifying conditica with respect to the natural barriers that would inhibit
the transport of radlonuclides into the accessible environment; it is based on
the first, second, ond fifth favorable conditions and the third potentially
adverse condition, The contributing factors that are 'he most important for
the quantitative e'aluation of radionuclide trangport «nd retardation include
sorption and precipitation as well as redox conditions. A summary of the
evaluation for each site follows.

At the Davis Canyon site, the geochemical proce: sei within the host rock
are not expacted to be altered by anything other than "he dissolution of the
‘host salt, and available data suggest that dissolution will not be a problem
at Davis Canyon. The salt contains very small amounts of clay minerals that
could enhance the sorption of migrating radionuclides  Conversely, the high
ionic strength of the brine would tend to decrease the sorptive capacity of
these clays. Redox conditions in the interbeds within the salt cycles and in
the aquifer beneath the salt of the Paradox Formation are reducing, which
decreases the solubility of some key redox-sensitive radionuclides. However,
the chloride and carbonate, which are present in the brines in high
concentration, could form complexes with radionuclides, and this may increase
the mobility of these radionuclides. However, sulfate solubility
relationships may limit the concentrations of some radionuclides.

At the Deaf Smith site, geochemical processes would not be expected to be
altered by anything other than the dissolution of the host salt, and
dissolution is not expected to be a problem at the site. The salt of the Deaf
Smith site contains numerous mudstone inclusions and interbeds, and
approximately half of them are composed of clay and clay-sized particles.
Although it is possible that the clay could increase the sorption of migrating
radionuclides, the high jonic strength of the brine tends to decrease the
sorptive capacity of the clay. Ground water in the aquifer that underlies the
salt cycles of the Palo Duro Basin is reducing, which further decreases the
solubility of some key redox-sensitive radionuclides. However, the chloride
and carbonate present in the brine could form complexes with radionuclides,
thereby increasing their mobility. However, sulfate solubility relationships
may limit the concentrations of some radionuclides.

At the Hanford site, little change is expected in the geochemical
processes within the basalts because of the depth and the saturation of the
repository horizon. The dense interior of the host rock should afford some
degree of physical retardation for radigpnuclides. The geochemical environment
of the site is favorable for the precipitation and sorption of radionuclides
(i.e., reducing ground water and abundant secondary clays and zeolites from
lining fracture and fragment surfaces). The secondary mineral assemblages
that would be formed are believed to be stable under the temperatures expected
in the disturbed zone. Since the data on colloids, particulates, and organics
are limited, these factors cannot be fully evaluated at present. The ground
water is of low salinity, but it contains carbonate and hydroxyl ioms that
could form complexes with radionuclides.

At the Richton site, the geochemical processes within the host rock would
not be expected to be altered by anything other than dissolution. Available
data suggest that dissolution should not be a problem at the site. The salt
of the Richton Dome is predominantly halite with a very low water content,

7-21

800 0 8 09 7 |



Available data siggest that the water contained in fluid inclusions in the
salt is reducing and should decrease the solubility of some redox-sensitive
radionuclides. 3decause of their high concentrations, the chloride, sulfate,
and carbonate present in the brines could form comp’oxes with radionuclides,
thereby increasing their mobility, However, sulfat: solubility relationships
may limit the ccncentration of some radionuclides.

At Yucca Mountain, little water is expected to »ass through the tuff,
The predominant mode of water migration is currently thought to be matrix flow
along much of the ground-water-flow path. Sorptio 2ad diffusion are expected
to delay or retard the migration of radionuclides. ™e oxidizing nature of
the water may inhibit radionuclide precipitation and sorption for
redox-gensitive radionuciides. The abundance of highly sorptive secondary
clays and zeolites along ground-water-flow paths should provide a sorptive
barrier to most radionuclides. Redox-gensitive radioanuclides like technetium
may not be retarded by sorption. The low salinity of the ground water would
be conducive to the formation of some colloids since certain actinides form
colloids in dilute nearly-neutral waters. Since the data on colloids,
particulates, and organics are limited, these factors, cannot be fully
evaluated at present,

Sorption and rock strength. This consideration addresses geochemical
processes that could adversely affect the sorptive capacity or strength of the
host rock, or both. The consideration relates directly to the qualifying
condition with respect to the retardation of radionuclides by natural barriers
in the repository and along ground-water-flow paths to the accessible
environment; it is derived from the third favorable condition and the second
potentially adverse condition. Sorption and rock strength are considered less
important that the preceding considerations because they would affect only a
small percentage of the total rock mass surrounding the repository. Change in
the sorptive capacity of the host rock minerals is the most important
contributing factor under this consideration because of the potential effect
on the retardation of radionuclides. The major contributing factors for this
consideration are the stability of mineral assemblages, the effects of mineral
alteration on sorption, and the effects of mineral alteration on rock
strength. A summary of the evaluation for each site follows.

The mineral assemblage at the Davis Canyon site may contain carnallite,
which could dehydrate when subjected to repository heat and release
magnesium-rich brines. High-magnesium brines would accelerate the degradation
of the waste packages and subsequently lead to a release of radionuclides. In
addition, alteration of the carnallite could reduce the strength of the host
rock. However, the quantity of carnallite at the Davis Canyon site is
expected to be émall, and carnallite should have little effect on radionuclide
containment,

The mineral assemblage at the Deaf Smith site includes interbeds and
inclusions of mudstone. It is assumed that these consist of approximately 50
percent clay minerals that may dehydrate under the geochemical conditions
within the repository. However, because of the small volume of clay minerals,
the alteration of these materials is not expected to affect the retardation of
radlonuclides or the strength of the host rock.
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The host rocl: at the Hanford site consists of basalt and a number of
sorptive secondary minerals (e.g., clays, zeolites). Laboratory tests suggest
that repository c¢wmditions may result in the formative of a mineral assemblage
similar to the se¢vondary minerals formed naturally in basalt as a result of
hydrothermal alteration. Although the hydrothermal cunditions near the
repository could adversely affect the sorptive capaci:y of some of thease
minervals, there i: abundant evidence that hydrotherma'! conditlons could alter
the volcanic materials to more sorptive materials (e. ., clays and zeolites).
In general, the effects of the repository on rock strength are expected to be
negligible,

At the Richton site, the mineral asgemblage consi. ts mainly of halite
with some anhydrite. Because of the stability of the winerals at. this site,
it is expected that no geochemical alteration or reduction in rock strength
would affect the transport of radionuclides.

The mineral assemblage in the host rock of the Yucca Mountain site
consists of 98 percent quartz, feldspar, and cristobalite, with gmall:amounts
of secondary clays and zeolites. The sorptive capacity of the host rock is
likely to be slightly reduced by the dehydration of clays and zeolites in the
disturbed zone and remain unaffected in the surrounding rocks. Only very
small amounts of volcanic glass are likely to be presant.. Rock strength is
not expected to be affected by the geochemical conditions in the repository. .

i

Summary of comparative evaluations

Hanford and Yucca Mountain are the moat favorable sites -for the
geachemistry guideline. These two sites are expected to have the most
favorable geochemical conditions with respect to the waste package and
radionuclide retardation, The basalt at Hanford should respond favorably to.
geochemical conditions in the repository by creating additional sorptive
capacity. Hanford also has more favorable redox conditions. Yucca Mountain
has unsaturated conditions as well as the additional radxonuclide~retardat10n
effects of matrix diffusion,

The Davis Canyon, the Deaf Smith, and the Richton sites are favorable for
all major considerations and are essentially equivalent with respect to the
geochemistry guideline, They are less favorable than the nonsalt sites
because the sorptive capacity of salt is very limited and the brines at these
three sites could reduce the lifetime of the waste package. Moreover, the
geochemical conditions in the salt sites are not expected to enhance the
retardation of radionuclides through the alteration of the host rock to the
degree that is expected at Hanford, The amount of brine, however, will
probably be small, and the transport of radionuclides by this brine is likely
to be quite limited. Therefore retardation due to geochemical effects may be
of limited importance. . T Co
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7.2.1.3 Rock ciiaracteristics (postclosure)

The qualif;ing condition for postclosure rock characteristics is as
follows:

The present and expected characteristics of “he host rock and
surroundirns, units shall be capable of accommod- Ling the thermal,
chemical, mechanical, and radiation stresses e jected to be induced
by repository construction, operation, and clas:re and by expected
interactions among the waste, host rock, grou d vater, and
engineered components. The characteristics of ind the processes
operating wi:hin the geologic setting shall perwit compliance with
(1) the requirements specified in §960.4~1 for radionuclide releases
to the accessible environment and (2) the requirements set forth in
10 CFR 60.113 for radionuclide releases from the engineered-barrier
system using reasonably available technology.

Major congiderations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-3), three major considerations are
identified that influence the favorability of the sites with respect to the
qualifying condition. In order of decreasing importance, they are (1) the
potential effects of repository-induced heat on waste containment or
isolation, (2) the complexity of engineering measures required to ensure waste
containment and isolation, and (3) flexibility for locating the underground
facility to ensure waste isolation. These major considerations are, in turm,
influenced by a number of more-specific rock properties and in situ conditions.

Evaluation of the gites in terms of the major considerations

Effects of repository-induced heat. This consideration is derived from
the second favorable condition and second and third potentially adverse
conditions. The factors contributing to this condition are the thermal
properties of the host rock, such as thermal conductivity and the coefficient
of thermal expansion; mechanical properties, such as a sufficiently high
ductility for fractures to heal; thermomechanical behavior, such as the
potential for thermally induced fractures; and geochemical conditions, such as
the potential for brine migration and the hydration or dehydration of mineral
components. This consideration also takes into account the effect of
repository~induced heat on the integrity of the host rock and the surrounding
rock units. Because of the potential effects of these factors on waste
isolation, this major consideration is more important than the other two. A
summary of the evaluation for each site follows.

At Davis Canyon, the effect of repository-induced temperature increases
after closure can be favorable because of increases in the rate of salt creep,
which would seal the underground openings and reconsolidate and recrystallize
the salt backfill., Adverse impacts from a temperature increase would include
the migration of brine within the host rock to the heat source and an increase
in gas pressure if brines or gases are present in significant quantities.
Limited site-specific data indicate very little brine is present at Davis
Canyon. The adverse geochemical impacts from a temperature increase could
also include mineral alteration and the dehydration of carnallite, but test
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Table 7-3. Guideline-condition findings by major consideration--
rock characteristics (postclosure)?'®

Davis Deaf Richton - Yucca
Condition Canyon Smith Hanford Dopme Mountain

MAJOR (ONSIDERATION 1: POTENTIAL IMPACY OF REPOSIY01¢-.1NDUCED HEAT ON
WASTE. CONTAINMENT OR ISOLATY 0

Favorable condition 2

A host rock with a hi¢h thermal P P p p P
conductivity, a low cvefficient of

thermal expans.an, or sufficient

ductility to seal fractures induced by

repository construction, aperation, or

closure ur by interactions among the

waste, host rock, ground water, and

engineered components.

Potentially adverse c¢qndition 2

Potential for such phenomena as P P - NP P niINPT
thermally indyced fractyres, .the : . N t C ‘
hydration or dehydra§1qn of mineral,

componeht§;’ brine mwgratwon, or other

physical, chemi¢al, or vadiation-related : . EA N :
phenomena. that pouldube”expecbed to . . L i
affect waste containment or isolation. ‘ : : L

Potentially adverse: condition 3 R S A 4

A combinat1on of geo]ogwc structure. NP NP NP NP . NP .
structure, geochemical and thermal ' : '
properties, and hydrologic conditions in

the hast :rack and;;surrounding units: such

that tha heat genergt:d by the waste could

significantly ddcrease the isolation

provided by the host' rock as compared with

pre-waste-pmplacement: gonditions.

MAJOR CONSIDERATION 2: COMPLEXITY OF ENGINEERING MEASURES REQUIRED TO ENSURE v
DR WASTE CONTATNMENT AND ISOLATION st

Potentially adversé condtf{bp 1

Rock conditions that could require NP NP NP NP NP
engineering measures beyond reasonably I TR
available technology for the construction,

operation, and closure of the repository,

if such measures are necessary to ensure

waste containment or isolation, . . T

MAJOR CONSIDERATION 3: SIGNIFICANT FLEXIBILITY IN HOST-ROCK DIMENSIONS TG ENSURE ISOLATION' **
Favorable condition 1 »

A host rock ‘that is sufficiently thick P Np NP P " NP
and lateérally extensive ito allow o : B
significant flexibilijty in .selecting the
depth, configuratian, and Tocation of the
underground facility to ensure isolation.

r

> Key: for the purpose of this comparative evaluation, the favorable ar., potentra]]y
adverse condition is not present at the site: P = for the purpose of this’ comparatmve evaTuatxon,
the cond1t1on is present at the site: : .
® Analyses supporting the entries in this table are prgsented in Chapter 6 of. the
environmental assessment for each site. ) )
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results to date indicate that impacts from alteration or dehydration are not
significant if the carnallite is under confining pressure.

At the Deaf Smith site, repository-induced ten)erature increases in the
salt would contribute to creep effects like those s. Davis Canyon. The rate
of salt creep is expected to be higher at the Deaf {mith site than at Davis
Canyon. The potential for creep-related disturbanc..s to the interbeds and
aquifers above the repository adds complexity at t.u. Deaf Smith site,

At the Banford site, repository-induced tempe-zture increases may alter
the permeability of the rock mass, through changes . fractures. It will also
Increase the in situ stresses in the vicinity of the excavations, possibly
resulting in a readjustment of the rock mass and alterations in the local
hydrologic regime. The rates of hydrochemical reac:ions among the various
components will increase with the addition of heat. This is expected to have
a positive effect on the isolation capabilities of the Hanford site.

At the Richton site, the effect of the repositrry-induced temperature
increase on salt creep is expected to enhance the isolation capability of the
site. The rate of salt creep at the Richton Dome is expected to be similar to
that at the Deaf Smith site. The absence of stratification and the higher
purity of the salt at Richton Dome should result in a less—anisotropic
mechanical response to the temperature increase. The Richton Dome has a low
brine content, and therefore minimal effects from brine migration are
expected. Thermally induced uplift could affect the caprock (gypsum) over the
dome, but modeling results indicate that such uplift is not expected to
adversely affect the isolation capability of this site.

At Yucca Mountain, the problems associated with repository-induced heat
are negligible, primarily because the underground facilities are in the
unsaturated zone. The thermal pulse will modify the permeability of existing
fractures since thermal expansion decreases the permeability of the rock mass,
which in turn reduces the potential for new fractures. The Yucca Mountain
site has some rock-mass heterogeneities that could cause an undetermined, but
probably not adverse, response to heat (from both the variability of the
content of lithophysae and the regions in which the tuff has been welded to
different degrees). Although only preliminary measurements from surrounding
strata are available, the rock stresses are not expected to be increased to
unacceptable levels by the thermal response.

Complexity of engineering measures. This consideration includes in situ
characteristics and conditions that could require engineering measures beyond
reasonably available technology to ensure waste containment and isolation.
Engineering measures relate directly to the qualifying condition through the
specification that reasonably available technology is to be used to meet the
requirements of the engineered-barrier system. It is derived from the first
potentially adverse condition. The major contributing factors to this
consideration are the uncertainty about the durability of man-made sealing
material after closure and the effects of the in situ environment on
engineered-barrier performance (e.g., the effects of brine on the disposal
container). Complexity of engineering methods is considered less important
than repository-induced heat effects because of the greater potential of heat
effects to impair the isolation capabilities of the site. ‘A summary of the
evaluation for each site follows.
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The sealing «f boreholes and shafts at Davis Canyon is not expected to
require complex ar.gineering methods. The processes of sealing a repository in
salt can be accom,lished with technology developed in the salt-mining
industry. With regard to interactions between the waste and the host rock,
brines at Davis Csayon, if present, could accelerate tie corrosion of the
waste package.

Like Davis Canyon, the Deaf Smith site is not ex ~:cted to require complex
engineering methods. The site is expected to require particularly careful
sealing to isolate the shaft from the Ogallala aquif .r. The repository can be
sealed by technology developed in the salt-mining in.uztry from experience in
drilling in the Pal> Duro Basin., Interactions between the brine that may be
present and t!.e waste packages could accelerate the coirosion of the waste
package, which could diminish the containment capabilities of the
engineered-barrier system,

The ability to properly seal shafts and boreholes in basalt and to
confirm the long-term effectiveness of seals are major concerns at Hanford.
In particular, the sealing of the overlying aquifers {rom the repository
horizon will require additional engineering measures to effectively isolate
the waste. With regard to interactions of the various components of the
engineered-barrier system, the expected presence of a geochemically reducing
environment after closure and the sorptive properties of the secondary
minerals formed in fractures in basalt are likely to enhance the containment
and isolation capability at Hanford.

At the Richton site, shafts through the overlying saturated sediments and
the caprock can be sealed by using technology similar to that used in mines in
other salt domes. The sealing of the repository is not expected to require
complex engineering measures. Interactions between the brine that may be
present in the Richton Dome and the waste package could accelerate the
corrosion of the waste package, which could diminish the containment
capabilities of the engineered-barrier system.

At Yucca Mountain, the host rock is unsaturated; furthermore,
construction experience at the Nevada Test Site shows that technology for
borehole and shaft seals is readily available. In addition, since the seals
will be required to perform only as well as the overall rock-mags
permeability, long-term seal performance requirements are not particularly
demanding. With regard to the interactions of the various components of the
engineered-barrier system, the expected rock and geochemical conditions are
favorable.

Flexibility. This consideration pertains to flexibility in determining
the depth, configuration, and location of the underground repository. It
relates to the qualifying condition because flexibility in locating the
repository at a site increases the favorability of the site with respect to
the qualifying condition. Added flexibility in locating the repository will
help avoid geologic features or anomalies that could adversely affect the
isolation capabilities of the site. Even after requirements for preclosure
flexibility have been satisfied, added flexibility may still be necessary to
satisfy this postclosure consideration in terms of the depth of excavations,
the orientations of drifts and their intersections, and the location of
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seals. A greater volume of host rock could provide isolation capability over
and above the de:ree deemed minimally acceptable. Or this basis, the
contribution of J‘lexibility to waste isolation is l2ss than that of the other
two consideratious for this guideline., A summary of the evaluation for each
site follows.

The host r ck at Davis Canyon is expected to o! er eignificant
flexibility in that the available thickness appears .0 be several times
greater than the required thickness. In addition, ..e potential host rock
extends laterally underground for many kilometers. t+he presence of
significant interbeds, impurities, gases, and stru.tural features and their
potential for advorse effects on flexibility are not yet well defined at this
site.

At the Deaf Smith site, numerous interbeds may iimit the vertical
flexibility of locating a repository with respect to isolation
considerations. In contrast, the host rock is expected to extend laterally
for a considerahble distance. The presence of impurities, brines, gases, and
structural features and their potential to adversely affect flexibility are
not yet well defined.

The Hanford site appears to offer restricted vertical but extensive
horizontal flexibility with respect to isolation considerations. The
thickness of the basalt can vary significantly over short distances, -and the
predictability of host-rock thickness is considered to be uncertain because of
a limited data base.

The Richton site provides significant vertical flexibility and adequate
lateral flexibility. Unfavorable interpal structures within the salt dome
could be encountered during site characterizationj if present, they would
diminish the flexibility for locating underground facilities at this site.

The host rock at Yucca Mountain offers gignificant vertical flexibility,
but lateral flexibility is restricted by minor faults, shallow overburden, or
site anomalies. The lateral homogeneity of the potential host rock outside
the primary repository area has not been established.

Summary of comparative evaluation

Yucca Mountain is the most favorable site on the basis of the two most
important considerations. It is expected that the response of the host rock
to the heat loading of the repository would have an overall favorable effect.
Furthermore, the long-term seal-performance requirements at Yucca Mountain are
not expected to be.very demanding. Although the flexibility for locating the
underground facility is limited at Yucca Mountain, this does not outweigh the
favorability of the other more important considerations.

The Davis Canyon and the Richton sites are next in favorability for the
rock-characteristics guideline. At Davis Canyon, the repository-induced
temperature increase is expected to improve the performance of the site by
increasing the rate .of galt creep, which would seal the underground openings
by reconsolidating the salt backfill. However, the impact of the brine
migration toward the heat source needs to be assessed. The sealing of .
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boreholes and shaft: at Davis Canyon is not expected to require complex
engineering methodr, Davis Canyon is also expected to offer significant
flexibility in loc:ting the repository because of its lower brine content.
The Richton site i more favorable than Davis Canyon for the
repository-induced lLeat consideration. Richton is les. favorable than Davis
Canyon and Yucca Miuntain on the basis of the major co:sideration for the
complexity of engineering methods because of potential problems with sealing
the repository from the overlying sediments and capro<-. The Davis Canyon aund
the Richton sites are equally favorable with respect ci host-rock
flexibility. On the basis of these comparisons, Dav s Canyon and Richton are
approximately equal in favorability under this guide.ine,.

Hanford is somewhat less favorable than the Yucca dountain, the Davisg
Canyon, and the Richton sites for this guideline. Although Hanford is very
favorable with respect to the effects of repository~induced heat, it may
require complex engineering methods because of potential difficulties in
sealing the overlying aquifers from the repository horizon. There has been
little experience in sealing hard-rock mines to the degree that will be
required for the repository. Hanford also appears to offer restricted
vertical flexibility with respect to isolation considerations.

The Deaf Smith site is considered to be somewhat less favorable with
regard to the rock-characteristics guideline. It is the least favorable site
for the major consideration of repository-induced heat because of
more-extensive interbeds. It is also the least favorable site under the third
major consideration because the presence of interbeds limits its vertical
flexibility. However, these considerations are not likely to significanbly
affect the ability of the site to contain or isolate waste.

7.2.1.4 Climatic changes

The qualifying condition for the climatic changes guideline is as follows:
The site shall be located where future climatic

conditions will not be likely to lead to radionuclide

releases greater than those allowable under the

requirements specified in §960.4-1, In predicting the

likely future climatic conditions at a site, the DOE will

consider the global, regional, and site climatic patterns

during the Quaternary Period, considering the geomorphic

evidence of the climatic conditions in the geologic

setting.

Major consideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-4), one major consideration is
identified that influences the favorability of the sites with respect to the
qualifying conditiont: the effect of future climatic changes on the ability of
the site to isolate waste. Contributing factors include Quaternary climatic
cycles and the in situ conditions at a site. The major consideration is
directly related to the qualifying condition through the consideration of
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Table 7-4. Guideline-condition findings by major consideration--¢limatic change®'®

-

Davis Daaf Richton Yuccd,
Condition® Canyon Sm:ih Hanford Dome Mountain
Favorable conditica 1
A surface-water system such that expected P ' P P : P
climatic cycles over the next 100,000
years would not adversely affect waste
isolation,
Favorable condition ?
A geologic setting in which ¢limatic NP NP NP NP " NP

changes have had 1ittle offect on the
hydrolagic system _thraughout the
Quaternary Per1od

Patentially adverse condxtlon |

Evidence that the water table could

rise sufficiently ovér ‘thé next 10,000 NA NA ' NA " NA © NP
years to saturate the undarground facility S ) .

in a previously unsaturated host rock.

Potentially adverse ' condition 2

Evidence that c11mqt1c qhanges aver NP NP NP NP NP
the nﬁxt 10,000 years could cayse

pertu bations iﬁ the Wydraulic gradient, o -
the hydraulic conductivity, the affactive - .
porosity, pr the ground-water flux o

through the host rock and the surrounding

gaohydrologic units, sufficient to

significantly increase the transport of

radionuclides to the accessible environment.

* Key: = for the purpose of this comparative evaluation, the favorable or potentially
adverse condltion is not present at the site; P = for the purpose of this comparative evaluation,
the conditlon is present at the site.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.

© A11 the conditions in this table are associated with one major consideration: the effect
of climatic changes on the ability of the site to isolate the waste.
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climatic changes vhat may affect waste isolation. It is derived from the two
favorable conditians and the two potentially adverse conditions. A summary of
the evaluation for each site follows.

Evaluation of situs with respect to the major considc-ation

At the Davi:. Canyon site, climatic changes duri. » the Quaternary Period
are thought to have increased precipitation by as mu. : as 120 percent.
Increased precipitation during the Pleistocene may “a ‘e increased recharge
rates and flow through hydrostratigraphic units as ' »2:: as rates of erosion
and dissolution. Iistimates of increased precipitatio are based on regional
data that cover the last 13,000 yvears ancd site-~specifi- geomorphic data.
Although it i¢ uncertain by how much increased precipitation affected the
hydrologic system,. it does not appear that changes of the same magnitude would
adversely affect waste isolation. To establish bounding cases for the
potential effects of increased precipitation on the hydrologic system, a
simple worst~case assumption was made in which increased precipitation raises
the water table to the ground surface in the Abajo Mountains. The resulting
hydraulic gradient between the Abajo Mountains and the Colorado River is not
significantly greater than the present maximum apparent hydraulic gradient
estimated from hydrologic tests. Preliminary estimates of the rates of
erosion and dissolution during the Quaternary Period, if projected into the
future, would not affect the isolation capability of the host rock, because no
significant changes in flow parameters, such as porosity or permeability, have
been identified in the Quaternary Period. Preliminary estimates of the
maximum rates of incision over the next 100,000 years are approximately 40
meters (132 feet). Although increased rates of incision may alter the
surface-water system, increased incision at the surface is not expected to
affect the integrity of a repository at a depth of 885 meters (2,900 feet).

At the Deaf Smith site, regional data indicate that lower temperatures
and increased effective moisture occurred during the Pleistocene. The
Quaternary record suggests cyclical increases in precipitation during pluvial
cycles. Increases in precipitation during future pluvial conditions would
increase surface-water ponding and growth of vegetation. The increased
vegetation would tend to decrease the rates of erosion, though localized
increases in erosion could occur near escarpments. Although these climatic
changes would change the surface~water system, they are not expected to reduce
the waste-isolation capabilities of the host rock. Potential effects of
Quaternary climatic cycles on the hydrologic system include changes in the
rates of recharge and increased rates of dissolution at salt margins.
Increased recharge to the upper hydrostratigraphic unit would result in an
increase in the hydrologic gradient between this unit and the underlying
unita, but models of this process show no significant effect in the underlying
units for more than 10,000 years. Although the data are insufficient to
quantify the effects of these changes on the hydrologic system, there is no
evidence to suggest that Quaternary climatic changes had a significant effect
oi1 the ground-water system.

At the Hanford site, if glacially induced catastrophic floods recurred,
they would alter the present surface-water system by increasing runoff, the
rates of erosion, and ponding. The net effect of catastrophic flooding would
be sediment aggradation. These changes in the surface-water system would be
short~lived and are not expected to significantly affect the confined aquifers

7-31

8 000 8 g9 3 |



of the Grande Ronde basalts. If glaciation were to recur, the major adverse
effects would be increased recharge from meltwater and catastrophic flooding.
Increased rechairge may be expected to cause some rise in the potentiometric
surfaces of sha’low aquifer systems, but the transient nature of increased
recharge is suc!' that gignificant long-term effects .n the confined aquifers
of the Grande Ronde basalts are not expected.

For the Ri:hton site, the data are insufficien to quantify the effects
of future climatic changes on the surface-water syciam. However, regional
data suggest that, if the climate returned to a glicial maximum, increased
precipitation would slightly increase erosion and . round-water recharge,
During the late Wisconsinian glaclation, the gea lev 1 in the Gulf of Mexico
was 100 to 130 meters (330 to 430 feet) below the prusent mean sea level.

This regional change in base level, combined with regional uplift, resulted in
stream entrenchment. Geomorphic evidence in the region suggests that stream
entrenchment in major rivers was on the order of 30 meters (100 feet). This
would have little effect on the deep confined ground-water system around the
Richton Dome. A Ffuture interglacial cycle accompanied by a melting of the ice
sheets equivalent to Pleistocene interglacials could cause a rise in sea level
of 5 to 10 meters (16 to 32 feet). An equivalent rise in sea level would not
inundate the surface of the site, which is at least 50 meters (164 feet) above
the mean sea level. Thus, the analysis of regional data suggests that future
climatic changes would not affect the surface-water or the ground-water
systems to the extent that the isolation capabilities of the site would be
affected.

Analysis of data on the effecta of climate changes in the vicinity of
Yucca Mountain suggests that surface-water systems changed little during the
Quaternary Period and are not expected to change significantly in the next
10,000 years. The present surface-water system was established by early
Quaternary time, It is unlikely that the maximum probable climatic change,
from arid to semiarid conditions, would cause a significant change in the
present drainage system. Climatic data suggest that Quaternary climatic
changes had the following effects on the ground-water system: increased
recharge; increased elevation of, and gradients in, the water table; and
upgrade shifts in discharge points, Data from the region suggest that the
effects of these changes were minor. One exception may be the effect of
increased recharge on the hydrologic system, though the magnitude of the
increased recharge has not yet been quantified.

If pluvial conditions were to occur, increased recharge may have a
significant effect on the ground-water flux and may raise the level of the
water table. Preliminary modeling of increases in the water table during a
full pluvial cycle, assuming a 100-percent increase in precipitation, suggests
a maximum rise of 130 meters (427 feet), Such a rise in the water table would
not saturate the repository. Furthermore, considering the various sources of
uncertainty in the model--such as the method used to simulate recharge, the
assumption that the response of the water table is instantaneous, and the use
of a two-dimensional model to simulate three-dimensional flow-~the prediction
of a 130-meter rise in the water table is uncertain and may not be realistic.
It is unlikely that increased recharge from a return to pluvial conditions
would significantly increase radionuclide transport to the assessible
environment. :
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Summary of the comparative evaluation

The availab! : data suggest that the Davis Canyon, Deaf Smith, Hanford,
and Richton sites are equally favorable with respect to the major
consideration anc¢ the guideline on climatic changes. At these sites changes
in the surface-weter system over the next 100,000 ye::s are not expected to
adversely affect isolation capabilities. Climatic ci.inges during the
Quaternary Pericd may have had minor effects on the ~ound-water gsystems. In
the next 10,000 years, none of these sites is expect.1 to undergo ¢limatic
changes that would decrease the ability of the natu»s. barriers to isolate the
waste.

The Yucra Mountain site is less favorable than ti.eg other sites because
future climatic changes may produce a significant increase in recharge to the
geohydrologic system. Assuming an eventual return to pluvial conditioms,
preliminary modeling suggests that increased recharge may increase the
ground-water flux, decrease the ground-water travel time, and increase the
elevation of the water table. The potentially increased flux, combined with a
substantial rise in the water table, introduces grearter uncertainty in
assessing the potential effects of future climatic changes on the Yucca
Mountain site. However, climatic conditions during the next 10,000 years
would not be likely to significantly increase radlonucllde releases to tha
accesslble environment.

7.2.1.5 Erosion
The qualifying condition for erosion is as follows:

The site shall allow the underground facility to be
placed at a depth such that erosional processes acting upon
the surface will not be likely to lead to radionuclide
releases greater than those allowable under the
requirements specified in §960.4-1. In predicting the
likelihood of potentially disruptive erosional processes
the DOE will consider the climatic, tectonic, and
geomorphic evidence of rates and patterns of erosion in the
geologic setting during the Quatérnary Period.

Major consideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-5), one major consideration is
identified that influences the favorability of the sites with respect to the
qualifying condition: the effects of ercosional processes on waste isolation.
The major consideration is derived from the three favorable conditions and the
two potentially adverse conditions and evaluates effects of erosional
processes on waste isolation. It is directly related to the qualifying
condition through emphasis on the ability to isolate waste.
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Tabie 7-5.

Guideline~condition findings by major consideraticn-—erosion®'®

Condition®

Davis
Canyon

Deaf
Sm . h

Richton
Hanford Dome

Yugcca
Mountain

ity

Favorable condit’in 1

Site conditions that permit

the P

emplacement of waste at a depth of
least 300 meters (984 feet )below
the directly overly ground surface.

Favorable condition 2

A geologic setting where the nature and P
rates of the erosional processes that

have been pperat\ng during the Quaternary

Period are predicted to have less than 1

chance in 10,000 over the next 10,000 years

of leading ta releases of radionuc1fdes to

the accessible ~nvironment.

Favorable condition 3 -

Site cond1;1pns suqh that waste . [
exhumation would not be expected to

occur during the first 1'miltion

years after repository closure.

Potentially adverse condition

1

A geologic setting that shows evidence NP
of extreme erosion during the Quaternary

Period.

Potentially adverse condition

2

A geologic setting where the nature and NP
rates of geomorphic processes that -have

been overating during.the -Quaternary.Period

could, during the first 10,000 years after

closure, adversely affect the ability of ,

the geologic repository to isolate the waste.

NP

NP

NP NP

NP N

NP

NP

? Key: NP =

for the purpose of this comparative evaluation, the favorable or potent1a11y

adverse condition is not present at the site; P = for the purpose of this comparatlve eva1uatvon,
the condvtvon is present at the site.
® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.
¢ A1l of the conditions in this table are associated with one major cons1deratxon
of erosional processes on waste isolation, . .
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Contributing factors include the depth of waste emplacement, evidence of
extreme erosion :luring the Quaternary Period, the potential for uncovering the
waste, and the ¢« sessment of future erosion rates and geomorphic processes on
the basis of the climatic, tectonic, and geomorphic ¢vidence of erosion rates
and patterns dur.ng the Quaternary Period. These fariors cannot be evaluated
individually to make a judgment on the qualifying cc«d¢ftion} they must be
evaluated togektivar, It is for this reason that onl" oue major consideration
is identified. A summary of the evaluation for eacl site follows.

Evaluation of sites in terms of the major consider: ¢ic¢cn

At Davis Canyon, the host-rock unit (salt cycle .) is estimated to occur
at a depth o° approximately 885 meters (2,900 feet). During the Quatermary
Period, erosion in the candidate area has been almost continuous, though
long-terw rates of incision are not thought to be extreme. Stream erosion is
predicted to erode no more than approximately 3 meters (12 feet) below the
present ground surface in 10,000 years. Streams in the region have been
predicted to erode up to 240 meters (800 feet) into Lheir present channels
(using long-term incision rates) during the first million years after
repository closure. The Quaternary geologic record indicates that geomorphic
processes should not adversely affect the ability of the repository toc isolate
the waste. This includes a preliminary assessment of the eastward propagation
of the graben systems west of the site. Considering the planned depth of the
repository, present knowledge suggests that it is highly unlikely that erosion
will lead to releases of radionuclides to the accessible environment in the
next 10,000 years.

At the Deaf Smith site, the host rock is in Unit 4 of the Lower San
Andres Formation, where the top of the unit is 700 to 760 meters (2,300 to
2,500 feet) below the surface. No evidence is recorded of extreme erosion at
the site. Extrapolation from a relatively high river~incision rate in
Holocene time shows erosion to a depth of 63 meters {210 feet) in the next
10,000 years. Projections of average Quaternary conditions indicate that
erosion of 100 meters (330 feet) would occur over the next 1 million years.
Projections of Quaternary erosional conditions indicate that the waste would
remain isolated after 10,000 years. Considering the planned depth of the
repository, it is unlikely that erosion will lead to releases of radionuclides
to the accessible environment in the next 10,000 years.

At the Hanford site, the depth to the Cohassett flow top is 869 to 943
meters (2,850 to 3,093 feet). The site does not show evidence of extreme
erosion during the Quaternary Period. Because the depth of erosion is
geomorphically controlled by base level, future incision is limited to depths
above the minimum sea level. Past glacially induced sea~level changes
indicate that erosion at the site could proceed no further than about 440
meters (1,443 feet) above the top of the candidate horizon. The depth of the
candidate horizon and the geologic setting of the site are such that the waste
would not be expected to be uncovered during the first million years after
repository closure. There ig little chance, if any, of erosion leading to a
release of radionuclides to the accessible environment over the next 10,000
years. o
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At the Richton site, the waste would be emplaced at a cepth of 646 meters
(2,119 feet)., No evidence of sustained extrems ercsion during the Quaternary
Period is foune in the geologic setting of the site. The geomorphic processes
that have been in operation during the Quaternary I'uriod have resulted in a
long~-term erosiun rate of 1.2 meters (4 feet) per 3.,000 years. This rate
would result ir the removal of 120 meters (394 feet ! of material in 1 million
years, leaving 526 meters (1.718 feet) of material .ver the repository. The
chance of erosion removing the entire thickness of .verdome sediments is much
less than 1 in 1 million. Thus, it is very unlik., 1l that erosion over the
next 10,000 years would lead to any radionuclide :?ieases to the accessible
environment.

At Yuc.a Mountain, the minimum thickness of the overburden above the
repository would be about 230 meters (750 feet). Four about 50 percent of
Yucca Mountain, the overburden is more than 300 metsrs (984 feet). Average
stream-incision rates during the past 300,000 years have not been extreme, and
there has been little change in the patterns of erosion at the site during the
Quaternary Period. On the basis of average stream-incision rates, the
shallowest portion of the repository is expected to remain buried much longer
than 1 million years. Over a period of 10,000 years, erosional processes
would be expected to remove only 1 meter (3 feet) of overburden. The
probability that erosion would induce a loss of isolation is:legs than 1 in 1
million over the next 10,000 years. Thus, although the Yucca Mountain site
does not meet the favorable condition on the depth of emplacement, it appears
that the probabilities of erosion causing a loss of isolation are lower than
those considered credible in EPA regulations (40 CFR Part 191),

Summary of the comparative evaluation

At all the sites, the underground repository can be placed deep enough to
protect it from erosional processes acting on the surface. The predicted
rates of erosion are low at all five sites. All waste-emplacement horizons
are too deep for credible geomorphic processes to adversely affect the
performance of the repository. Although the rates of erosion vary from gite
to site, the variation is not significant, None of the sites ig expected to
erode to such an extent that the waste would be uncovered during the first 1
million years. It is also very unlikely that erosion at any of the sgites
would result in releases of radionuclides during the first 10,000 years.
Therefore, all sites are approximately equivalent with respect to the erosion
guideline. ' S '

7.2.1.6 Dissolution
The qualifying condition for postclosure dissolution is as follows:

The site shall be located such that any subsurface rock
dissolution will not be likely to lead to radicanuclide
releases greater than those allowable under the
requirements specified in §960.4~1. In predicting the
likelihood of dissolution within the geologic setting at a
site, the DOE will consider the evidence of dissolution
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within that s:tting during the Quaternary Period, including
the locations and characteristics of dissolution fronts or
other dissolviion features, if identified.

Major consideraticn

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-6), one ms 9r consideration is
identified that influences the favorability of the siites with respect to the
qualifying condition: evidence of host-rock dissolr:ion during the Quaternary
Period. This majoy consideration is influenced by s-veral contributing
factors, such as tne solubility of the host rock unde: nonextreme geologic and
hydrologic conditions, unusual ground-water chemistry, and evidence of
significant dissolution during the Quaternary Period. The consideration is
directly related to the qualifying condition through concern about the
disruption of the natural and engineered barriers by the dissolution of the
host rock. Such disruption would result in the potencial for exceeding the
radionuclide-release limits set by the NRC and the EFA. A summary of "the
evaluation for each site follows.

Evaluation of sites in terms of the major consideration

The Davis Canyon site is 16 kilometers (10 miles) from the nearest known
or potential dissolution feature. Although data on the rate of migration of
dissolution fronts in the Paradox Basin are not available, the rates estimated
for other basins suggest that a dissolution front would not reach the site for
at least 10,000 years. However, it should be noted that the use of such an
extrapolation technique increases the level of uncertainty in this estimate.
Other known and suspected dissolution features in the area include the
Lockhart Basin, 19 kilometers (12 miles) to the north; Beef Basin, 22
kilometers (14 miles) to the southwest: the Needles Fault Zone, 18 kilometers
(11 miles) to the west; and the Shay/Bridger Jack/Salt Creek graben system, 16
kilometers (10 miles) to the south. Data derived from field mapping and
geophysical logging near the site have not revealed features that would
indicate Quaternary dissolution. However, the saline ground waters of the
overlying Honaker Trail Formation and the underlying Leadville Formation are
thought to iadicate past or continuing dissolution of the salt in the Paradox
Formation.

The Deaf Smith site is somewhat further from active dissclution fronts
than Davis Canyon. Dissolution at or above the repository level is known to
occur 103 kilometers (64 miles) to the west, 29.8 kilometers (18.5 miles) to
the north and 118 kilometers (73 miles) to the east of the Deaf Smith site.
The rates of migration for these dissolution fronts have been calculated from
data on the level of salinity in streams. These data suggest that the most
rapid rate of migration for the dissolution fronts is 0.98 meter (3.2 feet)
per year for the eastern front, while the northern front is migrating at a
rate of 0.0008 meter (0.0024 foot) per year. The rate of dissolution for the
western front is expected to be even lower. These calculations are based on
the assumption that the dissolution front is uniform, which could
underestimate the actual rate of dissolution. Within the basin, interior
dissolution is evident in the uppermost salt sequence beneath the High Plains
aquifer, as indicated by data from dissolution wells. However, the rate of
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Table 7-€. Guideline-condition findings by major considaration--dissolution®'®

Davis Desf Richton Yucca
Condition® Canyon Smi . Hanford Dome Mountain

Favorable conditin

No evidence that the hest rock within P P P P

the site was subject to significant

dissolution during the Quaternary Period.
Potentially adverse condition

Evidence or dissolution within the p r NP P NP

geologic setting--such as breccia pipes,
dissotution cavities, significant
volumetric reduction of the host rock
or surrounding strata, or any structural
collapse--such that a hydraulic
interconnection leading to a loss of
waste isolation could occur,

* Key: NP = for the purpose of this comparative evaluaticn, the favorable or potentially
adverse condition is not present at the site; P = for the purpose of this comparative evaluation,
the condition is present at the site.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
envircnmental assessment for each site.

¢ A11 of the conditions in this table are associated with one major consideration: effects
of dissolution processes on waste isolation,



dissolution is very slow and has been estimated to be 0.00006%4 meter (0,000021
foot) per year. No dissolution fronts near the Deaf Smith site or in the
interior basin ar¢ expected to intersect the repository horizon in less than
100,000 years.

The rock at the Hanford site consgists of minera.s that are not readily
soluble, and sigiificant dissolution leading to rad:i.auclide releases from the
site is not considered credible. Tt is highly unlikely that dissolution will
occur along fractures within the repository during >r after the thermal phase
to the extent that the permeability of the fracture svstem will increase. The
permeability of the fracture asystem will probably dec sase because of the
alteration of glass and the formation of clays and zevuiites within the
fractures.

The Richton site has no topographic depressions over the salt dome, and
limited data suggest that the Tertiary sediments overlying the dome are
laterally continnous. There are two relatively small, closed circular
depressions just off the eastern flank of the dome that appear to be the
result of near-surface processes; however, at this time, their origin is
uncertain., Samples of ground water from a shallow fresh-water aquifer reveal
possible saline anomalies on the south side of the dome (downgradient of the
dome). These anomalies were identified on the basis of a very limited number
of boreholes; therefore, the origin of the high salinity level in the water of
the upper aquifer is unknown at this time. Possible origins for the
salinities include salt-dome dissolution, variability of aquifer conditions,
and artificial contamination.

The Yucca Mountain site is composed of rock whose minerals are not
readily soluble, and significant dissolution leading to radionuclide releases
from the site is not considered credible. It is highly unlikely that
dissolution will occur along fractures within the repository during or after
the thermal phase to the extent that the permeability of the fracture system
will increase.

Summary of comparative evaluation

Hanford and Yucca Mountain are the most favorable sites for the
dissolution guideline because the host rocks and surrounding unit consist of
minerals that are not readily soluble.

The Davis Canyon, Deaf Smith, and Richton sites are less favorable.
Available data suggest that dissolution probably occurred at each salt site
during the Quaternary Period, but the rates of dissolution are too low to lead
to a loss of waste isolation. There is, however, considerable uncertainty
associated with these rates because of the limited data base for each site.
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7.2.1.7 Tectonicn (postclosure)

The qualifyiug condition for postclosure tectonics is as follows:

The site shall be located in a geologic setting where
future tectinic processes or events will not be likely to
lead to radionuclide releases greater than thog« allowable
under the requirements specified in §960.4-1., a1
predicting the likelihood of potentially disrvptive
tectonic processes or events, the DOE will cor.ider the
structural, stratigraphic, geophysical and seilsric evidence
for the nature and rates of tectonic processes a:d events
in the geologic setting during the Quaternary Period.

Major consideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-~7), one najor consideration is
identified that influences the favorability of the sites with respect to the
qualifying condition. This major consideration concerns estimates and
projections of igneous activity and tectonic processes over the next 10,000
years and the effect of these processes on radionuclide releases. It is
directly related to the qualifying condition through the evaluation of
radionuclide releases attributed to potential tectonic phenomena. It is
derived from the favorable condition and the six potentially adverse
conditions.

The contributing factors for this major consideration include evidence of
tectonic or igneous activity during the Quaternary Period, the likelihood for
the next 10,000 years of tectonic and igneous events that could alter the
regional ground~water—-flow system, the historical record of seismicity, the
correlation of earthquakes with tectonic features, evidence of Quaternary
tectonic processes (especially at the repository site), and the potential
effects of tectonic and igneous events on the repository. The rates of
igneous and tectonic activities cannot be evaluated individually; these
conditions must be evaluated together to determine their impact on the total
isolation system, and therefore only one major consideration was identified
for this guideline. A summary of the evaluation for each site follows.

Evaluation of sites in terms of the major considerations

In the geologic setting of the Davis Canyon site, Quaternary uplift has.
averaged less than 0.60 meter (2 feet) per 1,000 years. Although no surface
faults have been identified at the site, Quaternary faulting may be present in
the vicinity of the site at Shay Graben. These faults, however, may be
related to salt dissolution rather than tectonism. These faults do not trend
toward the site, nor have preliminary investigations shown any surface faults
at the site. No known igneous activity has occurred within the geologic
setting in the last 2 to 3 million years. No earthquakes have been observed
within the site, but the historical record of seismicity is limited. The
Paradox Basin has been classified as a relatively low seismic hazard region.
However, there is a possibility that the south Shay Graben fault may be
capable of producing an earthquake larger than any observed in the geologic
setting., The geologic record does not show that any natural impoundments on
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Table 7-7. Guideline-condition findings by major consideration-tectonics {postclosure)®'®

Davis Deaf Richton Yucca
Condition® Canyon Smi*~h Hanford Dome Mountain

e

Favorable conditiuvn 1

The nature and ates of igneous activity P - p P NP
and tectonic processes (such as uplift,

subsidence, faulting, or folding), if any,

operating within the geologic setting

during the Quaternary Period would, if

continued into the future, have less than

1 chance in 10,000 over the first 10,000

years after ¢losure of leading to releases of

radionuclides to the accessible environment.

Potentiaily adverse condition }

Evidence of active fold1ng, faulting, p 2 p P P
diapirism, uplift, subsidence, or gqther

tectonic processes or igneous activity

within the geologic setting during the

Quaternary Period.

Potentially adverse condition 2

Historical earthquakes within the NP NP NP . NP .. NP .
geologic setting of such magnitude and ‘

intensity that, if they recurred, could

affect waste containment or isolation.

Potentially adverse condition 3

Indications, based on correlations of P NP P NP SPs
earthquakes with tectopic processes and :

features, that either the freguenéy of y
occurrence or the magnitude of earthquakes B ‘ o
within the geologic setting may increase. o T R AT

Potentially adverse condition 4

More-frequent occurrences of NP NP NP NP o i NP
earthquakes or earthquakes of higher A R
magnitude than are re resentatxve ) o
of the region in which the géologic T
setting is located. ‘ :

Potentially adverse condition 5

Potential for natural phénomena such as NP NP NP - NP - NP i
landslides, subsidence, or volcanic B . -
activity of such magnitudes that they

could create large-scaTé ‘surface-water
impoundments - that -could "change. the regional
ground-water flow system,,

Potentially adverse condition 6

Potential for tectonic deformations-- NP NP NP . NP NP, .
such as uplift, subsidence, folding, or

faulting--that could adversely affect

the regional ground-water flow system,

® Key: NP = for the purpose of this comparative evaluation, the favorable or potentially
adverse condition is not present at the site; P = for the purpose of this comparative evaluation,
the condition is present at the site.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site,

€ A1l of the conditions in this table are associated with one major consideration: nature
and rates of tectonic processes and igneous activity that may affect waste isolation.
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the scale necesga!'y to cause large changes in the regional ground-water-flow
system occurred i1 the geologic setting. Regional uplift will not affect the
physical integritr of the repository and will be too small to significantly
modify ground-watar-flow systems in the next 10,000 years. Reactivation of
the basement faults beneath the site is possible, but it is doubtful that
displacements large enough to propagate these features through the ductile
rocks of the Paruadox Formation would occur in the nev: 10,000 years. In
general, tectonic data indicate that the likelihood 7 disruptive tectonic
events is very low and suggest that igneous or tecton:c activity at the Davis
Canyon site could not lead to radionuclide releasee gvsater than regulatory
limits after repository closure.

At the Deaf Smith site, data were collected by reviewing published
literature and conducting preliminary field surveys. There is no evidence of
igneous activity during the Quaternary Period at the Deaf Smith site, The
nearest igneous activity during the Quaternary occurred about 160 kilometers
(99 miles) west of the site, outside the geologic setting. Quaternary
tectonic processes were probably negligible near the slte. Regional uplift or
subsidence is not recognized, but the possibility thut these processes
occurred on a small scale during the Quaternary Period has not been ruled
out., The site is located in a region of low seismicity., Quaternary faulting
and folding of a tectonic (or seismogenic) nature are not recognized in the
Palo Duro Basin., No large damaging earthquakes have occurred in the geologic
setting during the period of the historical record. The terrain of the site
and its vicinity is flat and would not be affected by natural phenomena large
enough to cause large-scale surface-water impoundments. Small amounts of
uplift or subsidence are not likely to adversely affect the regional
ground-water flow over the next 10,000 years. Some uncertainty exists because
site-specific information on subsurface faulting has yet to be fully
evaluated. However, the likelihood of disruptive tectonic events affecting
any releases of radionuclides after closure is thought to be extremely low.

For the Hanford site, preliminary estimates of the rates of tectonic
deformation suggest low long~term average rates of strain. Volcanism in the
Columbia River Basalt Group ceased approximately 6 million years ago.
Although Quaternary volcanism has occurred in the western Columbia Plateau, it
appears to be more closely related to volcanism in the Cascades. There are
faults within the Columbia Plateau that are interpreted to have been active
during the Quaternary Period. Seismic activity has been monitored at Hanford
since 1969, but detailed seismic monitoring at the proposed repository depth
is only beginning. Some of the faults in the geologic setting could be
asgsociated with earthquakes larger than the historical maximun. Available
data do not permit the precise determination of slip and recurrence rates for
specific faults; however, on the basis of current knowledge, earthquakes near
the site would be relatively small, with long recurrence rates for larger
events (a magnitude greater than about 5.5). Earthquakes are not currently
associated with mapped geologic structures, nor do hypocenters align in a
manner that suggests unmapped, buried, or steeply dipping faults occur in the
Pasco Basin. It does not appear that natural phenomena or tectonic
deformations would create large-scale surface-water impoundments that would
cause significant changes in the regional ground-water-flow system.

Although the rate of deformation at Hanford does not appear to be
significant enough to .affect the release of radionuclides, there is
J-42
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considerable uncer.ainty because microearthquake swarms have been observed in
the basalt during the past 16 years, though no swarms have occurred recently
in the basalt at t%e gite. The potential effects of microearthquake swarms on
system performanc: (including the ground-water-travel “ime, system
geochemistry, and waste-package integrity) suggest that the likelihood of
tectonic phenomers affecting the site's ability to istlate waste over the next
10,000 years is vary low.

At the Richton site, the evidence from the geologic setting suggests that
no igneous activity and only minor tectonic activity cceurred during the
Quaternary Period. The principal active tectonic pru¢sss during the
Quaternary Period is regional uplift. Diapirism does .10t appear to hav®
occurred at the Richton Dome. There has been no igneous activity in or near
the Mississippi salt basin since the Cretaceous Pericd (about 60 million years
ago). There is no evidence of Quaternary seismogenic fault movement in the
geologic setting, and the infrequent seismic activity that does occur is low
in magnitude. The nearest known earthquake epicenter is 75 kilometers (45
miles) away. The region has no large surface-water impoundments from tectonic
or igneous processes. Projections of uplift based on Quaternary data suggest
that its rates are too low (0.0l meter per 1,000 years) to adversely affect
the regional ground-water-flow system during the next 10,000 years. On the
basis of the Quaternary record, future tectonic processes and evenis are not
likely to be disruptive, and the likelihood of disruptive tectonic events is
very low.

Much of the background data for the evaluation of tectonic activity at
Yucca Mountain has been developed through many years of study related to
nuclear weapons testing at the Nevada Test Site. The assessment of future
tectonic processes is uncertain and difficult for Yucca Mountain. There is
evidence that volcanism and faulting occurred in the vicinity of the site
during the Quaternary Period. In addition, the seismicity of the region is
not understood well enough to rule out the possibility of large earthquakes
(magnitude of 7 or greater) occurring in the region after closure. According
to previously published estimates of recurrence intervals, regional return
periods for earthquakes with a magnitude of 7 or greater are probably on the
order of 25,000 years. At present, a preliminary conclusion could be made
that the north-trending faults at the site should be considered potentially
active, even though the absence of fault scarps and the low level of seismic
activity suggests they are not active. The geologic setting of Yu¢ca Mountain
is not yet well enough understood to preclude the possibility of future
earthquakes larger than those that have occurred at or near the site.

The formation of large-scale surface-water impoundments by natural
phenomena like landslides, subsidence, or volcanic activity is not likely in
the area of Yucca Mountain. There is also a very small potential for tectonic
deformation at the site of a magnitude that would affect the regional
ground-water flow. On the basis of available information, it appears unlikely
that volcanic events or future tectonic processes and events would adversely
affect the containment and isolation capabilities of the repository, although
numerical probabilities have not been determined for most processes. This
conclusion is based on the moderate (although uncertain) probabilities of
tectonic events, the likelihood that the ground-water travel time is long and
the flux is low, the selection of waste-emplacement areas away from
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recognizable fault zones, the structural integrity of the waste package, and
the geochemical characteristics of the site.

Summary of comparative evaluation

The most fuvorable sites with respect to the pistclosure tectonics
guideline are luvis Canyon, Deaf Smith, and Richtor  Although the Davis
Canyon site appears to have a higher rate of tectoni: activity near the sgite
(as indicated by potential Quaternary faulting), t-ere is a very low
likelihood that tectonic events could lead to relecs2s at any of these sites,
and none show evidence of igneous activity in the ge logic setting. Active
faulting may alsc be present in the geologic setting of Davis Canyon, but no
surface faulis have been identified at the site, and seismic and geologic
evidence qualitatively suggests that the region will be stable over the long
term. Thne available data suggest that there is very little likelihood of
disruptive tectonic or igneous events during the next 10,000 years at all
three sites, Both the Deaf Smith and the Richton sites have experienced no
igneous activity and ingignificant tectonic activity during the Quaternary
Period. There are no known Quaternary seismogenic faults in either geologic
setting, and the level of seismicity at both sites appears to be very low.

Hanford is slightly less favorable than the salt gites for this
guideline. There is some evidence that deformation is occurring within the
basalts at Hanford, but the pattern of deformation qualitatively matches the
pattern of known seismicity, suggesting that earthquakes and rupture planes
would be relatively small and recurrence times generally long. There ig some
uncertainty because microearthquake swarms in the basalts have been observed
during the past 16 years. In addition, no microearthquakes (nonswarm) have
been observed within the repository site at the depth of the basalts. The
likelihood of tectonic phenomena affecting the ability of the sgite to isolate
waste over the next 10,000 years is very low.

Yucca Mountain is less favorable than the other sites. Quaternary faults
are present within 1 to 6 kilometers of the site. Their effects on the
potential for ground motion and on ground-water flow need to be assessed. The
likelihood of volcanism may be high enough for volcanism to be considered in
performance assessment., However, the effects of igneous and tectonic activity
on system performance (qualifying condition) at Yucca Mountain are not
expected to lead to radionuclide releases greater than those allowed by
regulation. This assessment accounts for ground-water flux and travel time,
waste emplacement away from recognized fault zones, the structural integrity
of the waste package, and the geochemical characteristics of the site.

7.2.1.8 Human interference

The potential for human interference after the closure of the repository
requires an analysis of (1) the natural resources at or near a site,
addressing historical, current, and future exploration for, and uses of, these
resources, and (2) site ownership and control. Evaluations of these two
separate technical guidelines are- provided below. :
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7.2,1,8.1 Natural resources
The qualifying condition for natural resources is as follows:

This site shall be located such that--cons’-ering permanent
markers and records and reasonable projections o value,
scarcity, nd technology--the natural resource-. including
ground water suitable for crop irrigation or h. iwan consumption
without treatment, present at or near the git= -ill not be
likely to give rise to interference activitie. -hat would lead
to radionuclide releases greater than those ail wable under the
requirements specified in §960.4-1, o

Major considerations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7~8), three major considerations ara
identified that influence the favorability of the sites. In decreasing order
of importance, they are (1) evidence of subsurface mining, resource
extraction, and drilling sufficient to affect containment and isolation; (2)
potential for foreseeable human activities that could affect containment and
isolation; and (3) potential for postclosure intrusicn for resource
extraction. Although the major considerations are listed in decreasing order
of importance, the differences in their importance are small, particularly
between the second and the third considerations.

Evaluation of the sites in terms of the major considerations

Evidence of subsurface mining, resource extraction, and drilling
sufficient to affect containment and isolation. This consideration assesses
the potential effects on waste containment and isolation of existing mines and
drillholes within the site. Contributing factors include the presence of
active and closed mines as well as evidence of deep drilling and related
resource extraction. This consideration is derived from the second and the
third potentially adverse condition and is the most important major
consideration because existing mines or drill holes could act as pathways for
radionuclide migration to the accessible environment. A summary of the
evaluation for each site follows. Co

At the Davis Canyon site, existing uranium mines extend to a maximum
depth of 11 meters (35 feet) and are restricted to the Chinle Formation, which
has been eroded from most of the repository operations area. These existing
excavations are not thought to be extensive enough or deep enough to affect
the repository. No drilling is known to have occurred within the site. The
nearest hydrocarbon-exploration borehole of appreciable depth is 8§ kilometers
(5 miles) from the boundary of the repository operations area.

There is no subsurface mining at the Deaf Smith site. There are no known
wells that penetrate below the Ogallala aquifer and no known

hydrocarbon-exploration holes at the site. Deep drilling at the site is
unlikely to have occurred in the past.
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Table 7-8.

Guideline~condition findings by major consideration--natural resources®'®

condition

Deaf
Smith

Nichton
Dome

Davis

Canyon Hanford

Yucca
Mountain

MA.JOR “ONSIDERATION 1:

EVIDENCE OF SUBSURFACE MINIXC, RESOURCE EXTRACTION,

AND DRILLING SUFFICIENT TO :#7FECT CONTAINMENT AND ISOLATION

Potentially adverse condition 2

Evidence of subsurface mining or
extraction for resouncas within
the site if it could affect waste
containment or isc.ation.

Potentially adverse condition 3

Eviderce of drilling within the

site for any purpose other than

repository-site evaluation to a

depth sufficient to affect waste
containment and isolation.

MAJOR CONSIDERATION 2:

Potentially adverse condition §

Potential for foreseeab?e human
activities such as 'ground-water
withdrawal, extensive irrigation,
sub-surface injection of fluids,
underground pumped storage, military
activities, or the construction of
large-scale surface-water impoundments-—
that could adversely change portions of
the ground~water flow system important
to waste isolation. '

MAJOR CONSIDERATION 3:

Favaorable condition 1

Na known npatural resources that have
or 'areé projécted to have in the
foreseeable future & value great
enough to be considered a commercially
extractable resource.

Favarable condition 2 :° ~ - . - o

Ground water w1t 10,000 parts per_
milli0A ‘or more gf 25ta1 s%%1ved
solids$ :along any path.of:1ikely radio~
nuclide travel; from.tghe. host rock to
the acces§jbleﬁenvir9nmgnt.

8 0.0/008¢

NP NP NP

NP NP NP NP

)

POTENTIAL FOR FORESEEABRLE HUMAN ACTIVITIES
SUFFICIENT TO AFFECT CONTAINMENT AND ISOLATION

NP NP P NP
POTENTIAL FOR POSTCLOSURE INTRUSIGN
TO EXTRACT RESOURCES
NP NP NP NP
P P NP P
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Tabi# 7-8. Guideline-condition findings by major consideration-~natural
resources®® (continued)

Davis Des € Richton Yucca
condition Canyon Sms by Hanford Dome Mountain

e

MAJOR CONSIDERATION 3: POTENTIAL FOR POST. *OSURE INTRUSION
TO EXTRACT RESOURC ~ {Continued)

Potentially adverse condition |

Indications that the site contains P ! p P NP
naturally occurring materials, whether

or not actually identified in such form
that (i) economic extraction is potentially
feasible during the foreseeable future

or (ii) such materials have a greater

gross value, net value, or commercial
potential than the average for other

areas of similar size that are repre-
sentative of, and located in, the

geologic setting.

Potentially adverse condition 4

Evidence of a significant concen- NP NP NP NP NP
tration of any naturally occurring

material that is not widely available

from other sources.

2 Key: NP = for the purpose of this comparative evaluation, the favorablé or potentially
adverse condition is not present at the site; P = for the purpose of this comparative evaluation,
the condition is present at the site.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.
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Current and past mining or extraction activities in the area of the
Hanford site inclrde some quarrying for sand and gravel as well as a small
natural gas field that ended production in 1941. The quarries are excavated
pits that are genwvrally less than 18 meters (60 feet) deep. The gas field was
located approximawzly 11 kilometers south of the site. No other current or
past production o/ hydrocarbons has been reported witnin 100 kilometers of the
larger Hanford Si:e. Recent hydrocarbon exploration «a the Columbia Plateau
has been focused on the sedimentary sequence beneath .he basalt; wells drilled
to date have heen noncommercial, but some natural gac has been recovered.
Although methane has been found as dissolved gas in 3Ftound water from the
Grande Ronde Formation beneath the site, the hydrocs "ton potential for this
area is speculative at best. Boreholes drilled near .e site for purposes
other than rejository-site evaluation are significantly shallower than the
candidate repository horizon and would not affect waste containment or
isolation. '

At the Richton site, there is no evidence of boreholes, shafts, or other
excavations that penetrate the repository horizon within the salt dome. Eight
mineral-exploration boreholes have been drilled into salt with a maximum
reported penetration of 6.4 meters (21 feet)., Within 10 kilometers (6.2
miles) of the dome, 34 sulfur-exploration wells and 32 petroleum-exploration
wells have been drilled. The water wells within the area are shallow (less
than 366 meters (1,200 feet)) and are drilled into the upper aquifer. The
closest fluid-injection wells are at least 4.8 kilometers (3 miles) from the
flank of the dome. Waste containment and isolation are not expected to be
significantly affected by the presence of shallow boreholes or the potential
for increased dissolution associated with the petroleum-exploration wells on
the sloping flank of the dome.

There has been no subsurface mining or extraction of resources at Yucca
Mountain, There is little likelihood that unknown excavations exist at the
site other than shallow prospecting pits. Before the repository
investigations began, one borehole had been drilled 7 kilometers (4 miles)
southeast of the site (water well J-13), and another had been drilled
approximately 15 kilometers (9 miles) to the northeast (water well J-12).
There has been no drilling at Yucca Mountain for purposes other than
repository-site evaluation.

Potential for foreseeable human activities that could affect containment
and isolation. Factors contributing to this consideration include the
potential for ground-water withdrawal, irrigation, the injection of fluids,
underground pumped storage, and large-scale surface-water impoundments.
Changes to the site's ground-water system can directly affect the releases of
radionuclides to the accessible environment. This consideration is derived
from the fifth potentially adverse condition and is the second most important
major consideration. Changes to the site's ground-water system can directly
affect the releases of radionuclides to the accessible environment. This
consideration is not as important as the first major consideration because it
is based on projected, more speculative human activities that may affect
isolation, whereas the first consideration is based on existing evidence of
resources that could affect isolation.
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In assessing the likelihood of postclosure intrusion, the DOE will
consider the estfanated effectiveness of the permanent markers and records
required by NRC rsgulations in 10 CFR Part 60. Human~-intrusion events are
considered to be -redible only if it is assumed that the monuments provided
for in the NRC rvaulations are permanent enough to sesve their intended
purpose. Thus, in evaluating this major consideratic., the envitonmental
assessments have qualitatively considered the effectiveness of markers and
records in reduc.ng the likelihood of human intrusio:- in the controlled area.
A summary of the evaluation for each site follows.

Because of limited potable water and resources v'thin and near the Davis
Canyon site, the prtential for foreseeable human acti: {ties to adversely
affect the ground-water-flow system is expected to be very low.

At the Deaf Smith site, good-quality ground water that is suitable for
irrigation and domestic use is drawn entirely from the Ogallala aquifer. The
ongoing depletion of the Ogallala aquifer will not reverse the downward flow
potential at the site. The potential for the subsurfsce injection of fluids
is considered to be low because of the low potential “or petroleum development
in the future. o

At the Hanford site, there is a potential for ground-water withdrawal for
irrigation. Insufficient data are available to determine whether such human
activities could adversely change portions of the ground-water flow system
that are important to waste igolation. However, it is belileved that, even if
portions of the ground-waste-floor system were to change, there would be no
significant effect on waste isolation itself.

At the Richton site, the potential to adversely affect the
ground-water-flow system 1s expected to be very low. Potential human
activities are very unlikely to affect ground-water travel through the salt
stock; this includes activities that may change fresh-water aquifers. The"
likelihood of pumped storage in the controlled area is also expected to be
very low, considering the permanent markers and records.

Although potable ground water is present at the Yucca Mountain sgite,
future generations are not likely to drill for water from the top of Yucca
Mountain, because it would be easier to drill for water in the surrounding
areas. Because isolation depends primarily on the thick unsaturated zone,
withdrawal of water outside the controlled area would not adversely affect the
ground-water system important to isolation.

Potential for postclosure intrugion to extract resources. This
consideration includes estimates of, and the potential for, postclosure
intrusion for resource extraction. Contributing factors include the presence
or indication of resources (including water) at the site, their value,
scarcity, and depth, as well as their availability from other sources. This
condition is derived from the first and the second favorable conditions and
the first and the fourth potentially adverse conditions. This consideration
is third in importance because the potential for resources is based on
speculative or indirect evidence. Nevertheless, this consideration is
significant because exploration for, or the extraction of, resources can
create pathways for radidnuclides to reach the accessible environment. A
summary of the evaluation for each site follows.
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Uranium and vanadium deposits are present in the vicinity of the Davis
Canyon site, and ome production has occurred at the site itself; however, the
uranium resources at the site are believed to be less asignificant than those
in other parts of southeastern Utah, In addition, commercial~-grade
underground potas. deposits are present in the viciniiy of the site, but they
may not be economic because they are located at exces:.ve depths and are less
extensive than d«josits in other parts of Utah. Smal. amounts of sand,
gravel, and potahle water have been extracted in the .irinity of the site.
None of these resources has greater potential within i(ae area of the site than
outside it. Potential hydrocarbon resources are believed to be significantly
smaller within the site than in similar areas outsid: the site. The
ground-water is of poor quality, with the total disscl 'ed solids exceeding
10,000 parts per million.

At the Deaf Smith site, ground water is being exiracted from the Ogallala
aquifer. The use of this water resource does not pose a threat to the
long~term integrity of the repository. Ground water along the likely pathways
of radionuclide travel is not suitable for human consumption because it
contains dissolved solids at concentration exceeding 10,000 parts per
million. The hydrocarbon potential at the site is not considered to be
significant, but exploration for o0il and gas in the future cannot be
discounted. No other mineral resourcesa, such as uranium and construction
aggregates, are present in unique quantities at the gite, The bedded salt may
be considered a halite resource. There are no known concentrations of
naturally occurring materials that are not widely available from other sources.

At the Hanford site, there are no known metallic or petroliferous
resources that have or are projected to have a value great enough to be
commercially extractable., However, there are indications that the site
contains ground-water resources and natural gas that may be economically
feasible to extract in the foreseeable future. Although hydrocarbon source
beds may exist beneath the basalt, there is no evidence to date of significant
concentrations of any naturally occurring resources that are unique to the
site.

The Richton Dome is the largeat of 35 shallow salt domes in the
Mississippi salt basin. Because of its size and depth, it is an excellent
candidate for underground storage. The purity of the salt (91 percent sodium
chloride) also indicates that the dome may be a candidate for salt extraction
by solution mining or conventional mining methods. In comparison with other
shallow salt domes, the potential for storage or salt extraction at the
Richton Dome is above average because of its large size, even though salt is
widely available from other sources and the dome's potential use as an
underground storage facility is not unique. Commercial hydrocarbon resources
are not known to exist at the Richton Dome.

Yucca Mountain has no energy or mineral resources for which extraction is
feasible in the foreseeable future. No known resources are present at Yucca
Mountain that have greater commercial potential than those in other areas in
its geologic setting, nor is there evidence of any significant concentration
of potentially valuable resources at Yucca Mountain. The mineral-resource
potential of the Yucca Mountain site is considered low. - The ground water
along likely flow paths of radionuclide travel has less than 10,000 parts per
million of total dissolved solids.
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Summary of comparative evaluation

On the basis «f the three major considerations, Yucca Mountain is the
most favorable sitej; Davis Canyon, Deaf Smith, and Hanford are comparable; and
Richton is the leart favored site. The differences amiug the sites, however,
are small. This jidgment is based on the fact that thece is no evidence at
any of the sites ¢+ subsurface mining, extraction, or «¢illing sufficient to
affect containment or isolation. There is also no evi.ence at any of the
sites of a significant or unique concentration of any iaturally occurring
mineral or energy resources. It is expected that the 1.8e of permanent markers
and records will reduce to very low values the likeli.cod of human intrusion
within the controlled area at each of the sites.

The likelihood of any resource occurring at the Yucca Mountain sgite
appears to be very low. The potential use of the deep aquifer outside the
controlled area will not affect containment and isolation.

The Davis Canyon, the Deatf Smith, and the Hanford sites are approximately
equal in favorability on the basis of the speculative potential for
resources. There is a very small potential for the use of the shallow aquifer
outside the controlled area at the Hanford site to affect the
ground-water-flow system important to isolation.

Richton Dome is the least favorable site because of the speculative
potential for resources, the possibility of undetected boreholes, and the
potential for using the dome for underground pumped storage.

7.2.1.8.2 Site ownership and control

The purpose of the postclosure guideline on site ownership and control is
to help ensure that the repository can function far into the future without
adverse human interference. This guideline specifies that the DOE, in
accordance with the requirements of the 10 CFR Part 60, is to obtain ownersghip
of , and surface and subsurface rights to, land and minerals within the
contrelled area of the repository. A similar guideline on site ownership is
provided for the preclosure period. The purpose of the preclosure guideline
is to ensure that surface and subsurface activities during repository
operation will not be likely to lead to radionuclide releases greater than
those allowed by applicable regulations.

The DOE has determined that the necessary land area and controls are the
same for both the postclosure and the preclosure periods at the five nominated
sites. Whichever site is selected, the DOE must obtain ownership as well as
surface and subsurface rights before commencing preclosure activities; there
is no basis for distinguishing among the sites on their site ownership and
control status at the beginning of the postclosure period. Therefore, all
sites are considered to be equally favorable for this guideline.
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7.2.2 POSTCLOSULE SYSTEM GUIDELINE

The results of preliminary system-performance arsessments are described
in Section 6.4.%2 of each environmental assessment and briefly reviewed here.
These preliminary assessments are based on limited gsnlogle, hydrologic, and
geochemical information, preliminary conceptual models, and relatively simple
analytical techniques. The DOE is therefore not yei prepared to provide
assurance that regulatory criteria will be met at an' of the sites. These
preliminary assessments do, however, appear adequat: for evaluating the sites
against the postclosure system guideline. However, tite different approaches
to the evaluation of performance, the preliminary nat.re of these assessments,
and the uncertainties in the parameters on which the analyses are based all
limit the ability to compare the sites in the manner required by the
implementation guidelines for site comparisons that will support the
recomnendation of a site for development as a repository. To provide a
comparative context for understanding the postclosure system guideline
evaluation in Chapter 6, a brief discussion of the evaluation of each of the
sites with respect to each of the capabilities addressed by the guideline is
presented below.

The guideline addresses the following capabilities of the geologic
setting at a site:

1. The capability of the geologic setting at the site to allow. for the
physical separation of the waste from the accessible environment
after closure in accordance with the requirements of the EPA standard -
in 40 CFR Part 191, Subpart B, as implemented by 10 CFR Part 60.

2. The capability of the geologic setting at the site to allow for the
use of engineered barriers to ensure compliance with the requirements
of the EPA and the NRC. Two requirements are pertinent here: (1)
the time of substantially complete containment (i.e., a period
between 300 and 1,000 years); and (2) the limit on the rate of
radionuclide releages from the engineered-barrier system (i.e., one
part in 100,000 per year of the individual radionuclide inventory ox
one part in 100,000 per year of the total inventory calculated to be
present at 1,000 years after repository closure, whichever is
greater).

Capability for waste isolation. The results of the preliminary
assessments indicate that the EPA standards would be met at all of the sites.
For example, the mean time of ground-water travel from the repository to the
accessible environment is expected to be much longer than 10,000 years at each
site. On this basis alone, there is little likelihcod of any release for
10,000 years or, more specifically, of exceeding the EPA standard for
cumulative releases during this period. In fact, the results of the
calculations for the preliminary assessments indicate that releases are likely
to be negligible for much more than 10,000 years at each site. Similarly,
calculations of ground-water quality indicate that the EPA's ground-water
protection and individual-protection requirements will be met at each of the
sites. For the Hanford site, the calculations show to a high level of
confidence that less than 50 curies of iodine-129 and carbon-l4--and no other
radionuclides--would be released to the accessible environment in 100,000
years. The calculations for Yucca Mountain indicate that less than 100 curies
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of technetium-99 and negligible quantities of any other radionuclide could be
released in 100,000 years., The analyses for the salt sites show no release in
100,000 years unde: expected repogitory conditions.

Because of the different characteristics of each »t the sites, different
approaches to the performance analyses and varying levsls of conservatism have
been used for eact site. For example, the constraint :n release due to the
slow degradation cof the waste form was not taken into “.ccount in the analysis
of the Hanford site. The analysis of the Yucca Mountain site does not
consider the spatial distribution of waste packages ' aroughout the repository,
but assumes that th«e release o¢curs from a single loca'ion in the host rock.
Transport and retaraation in the saturated zone are nol considered in these
analyses as weil. The margin of conservatism resulting from such assumptions
in each case is not known at present. However, it is helieved to be
sufficient to compensate for the uncertainties in the site data. The
preliminary performance assessments do not provide evidence to support a
finding that any of the sites would not adequately isolate the waste from the
accessible environment.

Requirements for engineered-barrier performance. Preliminary assessments
of the engineered-barrier system indicate that this system would meet the
regulatory performance objectives at all sites. For example, the analyses of
waste-package performance indicate that the container lifetime is expected to
exceed the 300~ to 1,000~year requirement for substantially complete
containment at each site. The expected container lifetime for the Hanford
site exceeds 6,000 years. The analysis of the container under the conditions
of the Yucca Mountain site gives a lower-bound estimate of 3,000 years and an
expected lifetime of 30,000 years. At the salt sites, the lifetime of the
container is calculated to be even longer, because it is expected that
sufficient water will not be available to cause corrosion failure of the waste
package.

For each site, the calculations of the rate of radionuclide release after
the failure of the waste package suggest that the criterion for the rate of
release from the engineered-barrier system would not be exceeded. At the
Hanford site, the release rate for most radionuclides would be well below the
regulatory criterion because of the diffusion-limited transport and the
limited solubility of these radionuclides in the ground water at the site.

For the few radionuclides that are highly soluble, the calculated release
rates are less than 4 percent of the release-rate limit.

Without taking into account the solubility of the radionuclides
themselves, the fractional release rate calculated for the Yucca Mountain site
is 2.5 x 07° per year, well below the limit of 1 x 107° per year, because
of the low rate expected for waste-form dissolution. At the salt sites, since
it is expected that the waste packages will last indefinitely, the rate of
radionuclide release from the engineered-barrier system is expected to be
zero. :

Extremely conservative assumptions were used in making these estimates.
For example, in all cases the calculations are for releases from the waste
package, which is expected to provide an upper bound to the release from the
total engineered-barrier system. In addition, any containment offered by the



spent~fuel cladding was not taken into account in any of the analyses, In the
analysis of th: salt sites and of the Hanford site, the slow dissolution of
the waste forwm. which can limit the rate of radionuslide release, was not
taken into account. In the analyses of the salt s:.ves and of the Yucca
Mountain site, it was assumed that all packages fa’:. simultaneously. Again,
the degree of conservatism provided by these assum ~jons is not known at
present. Howe .er, the analysesg appear to be suffi - .ent to indicate that there
is no evidence that the performance criteria for ti: waste package and other
engineered Yarriers would not be met at each of tr= nominated sites.
Furthermore, the available data and the preliminaiy analyses based on these
data have not iduntified any conditions or features it any of the sites that
would prevent these engineered components from meeting the parformance
requirement..

The different approaches to the evaluation of performance, the
preliminary nature of these assessments, and the uncertainties in the
parameters on which the analyses are based all limit the ability to compare
the sites in terms of these results., In each case the analyses are very
simple. The interactions of the various factors that determine subsystem and
system performance are not yet known, Finally, the analyses that can be
conducted at present are too simple to address the full range of uncertainties
that should be addressed in order to provide an adequate comparison of the
sites. Therefore, because of the preliminary nature of these performance
assessments, it does not appear that a comparison between and among the sites
on the basis of the postclosure system guideline is practicable at prebert.

7.3 COMPARISON OF SITES ON THE BASIS OF PRECLOSURE GUIDELINES

The preclosure guidelines address (1) preclosure radiological safety; (2)
the environmental, socioeconomic, and transportation-related impacts
associated with repository siting, construction, operation, and closure; and
(3) the ease and cost of repository siting, construction, operation, and
closure. Both technical and Bystem guidelines are provided for each of these oo
three categorles.' : vt

. v

7.3.1 PRECLOSURE RADIOLOGICAL :SAFETY

7.3.1.1 Technical guidelines

There are four technical guidelines on preclosure radiological safety:
(1) population density and distribution, (2) site ownership 'and control, (3)
meteorology, and (4) offsite installations and operations. The objective of
these guidelines is to protect the health and safety of the public and the
workers at the repository by keeping exposures to radiation within the limits
prescribed by regulations. This section presents a comparat1ve evaluatlon of
the five nominated sitesnagainst these guidelines.n : : SRt



